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PREFACE

This study was conducted with funding from the New Technol ogy,
Materials, and Research Division of the California Departnent of
Transportation ;Cﬂtransy The study ained to docunent the
i mpl enentation of advanced paratransit technol ogies at OUTREACH,
and to evaluate their inpacts.

Many people contributed to the conpletion of this report.
OUTREACH  provided cooperation throughout this studr. In
articular, M. Roberta Gardella, Dr. Katherine Heatley, M.

| I i am Schwarz, M. David Brandauer, and Ms. Panela Benitez
provi ded information about OUTREACH s ﬁaratranSJt operation as well
as various aspects of the new technol ogy inplenentation and
oper ation. They also facilitated our data collection efforts,
|ncludjng_custoner surveys and interviews of taxi and van vendors.
These individuals and many other staff nenbers of OUTREACH met with
the research team many tines throughout this study.

M. Martin DeNero of the Santa Clara Valley Transportation
Authority  (SCVTA)  provided information about the SCVTIA's
Egrspect|ves on the denonstration project. M. Larry Jellison, the

ltrans’ project manager, provided information about Caltrans
pers?ectlves on the denmonstration project as well as conments on a
draft final report.

Managers and drivers of GeylLines, Industrial Passengers, W
Transportation, United Cab, Al pha Cab, and Yellow Cab, who are
transportation contractors of REACH, provided information about
their perspectives on the use of these advanced paratransit
t echnol ogi es.

Ms.  Susan Proctor conducted customer telephone interview
surveys. ~ In addition, M Charles Dednon and Abner Gallardo
assisted in data collection and anal ysis.
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EXECUTI VE SUMVARY

| NTRODUCTI ON

The Santa Clara Valley Transportation Agency (SCVTA) is
responsi bl e for providing door-to-door paratransit service to the
county's disabled persons, in accordance with the 1990 Anericans
with Disabilities Act (ADA). The SCVTA selected OUTREACH as its
paratransit service broker to conduct eligibility screening,
contract wth taxi and van conpanies (termed "vendors") to provide
rides, take ride requests and reservations, dispatch ride requests
to vendors, and nonitor service quality.

QUTREACH i nmpl enented an advanced paratransit system which
automates vehicle scheduling and trip reservations, monitors
service quality, and perforns accounting and reporting tasks. It
consists of three advanced technologies: a digital geographical
dat abase (DGD), automated trip scheduling system (ATSS), and
automated vehicle location (AVL) equiprment. The DGE and the ATSS
were inplemented in February 1995; the AVL equi pment becane
operational on 40 accessible vans in June 1996. The California
Depart nent of Transportation (Cal trans) sponsored this

dermonstration project.

FUNCTI ONS OF COVPONENT TECHNOLOG ES
The DGD displays maps of the OUTREACH service area to OUTREACH

(i)



t el ephone schedul ers (who book trips on-line) on conputer screens.
It also provides a neans to display the position of vehicles
determ ned by the AVL equi pment.

The ATSS takes individual client trip requests and assigns
them to avail able vehicles, by maxim zing shared rides and
mninizing vehicle circuity and deadheading. It then prepares the
itineraries for each vehicle for each day.

The AVL equi pment deternmines the position of the vehicle on a
continuous basis, which is then transmtted to a base station.
Messages are also transmtted fromthe base station to the vehicle,
and are displayed on a vehicle unit. The nessages between the base
station and the vehicle are stored at the base station and
di spl ayed by QUTREACH. The position and vehicle status information
I's used by the ATSS software.

Concurrent with the demonstration project, OUTREACH al so
instituted several policy and operational changes; for exanple:
expansion of the service area fromseven to 15 cities; gradual
elimnation of the trip limt allowed per person; and changes in
the fare structure and rate. In addition, OUTREACH also requires
the vendors to provide vehicles to serve OUTREACH s clients
exclusively (i.e., "dedicated" vehicles) after the ATSS becane

operational .

STUDY OBJECTI VES
The objectives of this evaluation study are to: evaluate the
i npacts of the advanced paratransit system on OUIREACH s

(i)



paratransit operation; assenble a know edge base to serve as a
bridge between an operational test and the understanding of its
I npacts and effectiveness for other |ocales; develop insight into
how such systems may contribute to the national advanced public

transportation systens (APTS) objectives.

PRI NCl PAL  FI NDI NGS
Cost and Productivity Inpacts of ATSS

(a) It would have been very difficult for OUTREACH to
acconmodate rapid increases in the paratransit demand, which began
in 1993, wthout this advanced paratransit system as the old
manual  scheduling system had already reached its operating
capacity.

(h) The capital cost of the ATSS was $310, 105. The
annual i zed capital cost of the ATSS was $0.03 per passenger nle
(assum ng seven years of service life and a discount rate of 59%.

(c) There were estimated annual savings in the total cost of
$488, 325 to QUTREACH during the first year of ATSS operation
(compared with if the ATSS had not been deployed). This represents
estimated savings of $1.53 per passenger trip, or $0.27 per
passenger mle. QOUTREACH was able to achieve this benefit wthout
degradi ng the customer service quality.

(d)  OUTREACH achi eved substantially higher percent shared
rides during the first year of the ATSS use than during the period
before the ATSS use.

(e) On a per passenger mle basis, total OUTREACH personnel

(i)



sal aries decreased by 28% during the first year of ATSS operation
(compared with a period prior to the ATSS). However, OUTREACH had
to reorganize its personnel resources because the new system
required a higher level of technical skills, elimnated many
functions and added many new ones.

(f)  There was a 13% increase in vehicle deadheadi ng per
passenger mle for taxis during the first year of ATSS operation

relative to a period prior to the ATSS.

Costs and Benefits of AVL
(g) The capital costs of the AVL system was $473, 805, which
i ncl uded conponents installed inside 40 vans, at OUTREACH, and at
the three van vendors' sites.
(h) The benefits of the AVL system during the first two
mont hs of operation include:
o The AVL reduces the need for OUTREACH s personnel to
t el ephone the van vendors about any changes on the day of
service. It also enables OUTREACH personnel to deal wth
clients' queries nore easily and speedily.
o Real -tine AVL data support and enhance OUTREACH s day-to-
day operation and management functions.
o AVL data enable OUTREACH to nore easily and accurately
monitor vehicle on-time performance than before.
(i) In the longer term nore substantial benefits of the AVL
system than those seen during the initial 2-3 nonths of operation
are possible, when OQUTREACH and the vendors devel op and inpl enent

(iv)



action plans to utilize the real-time information fromthe AVL
systemto its full potential; for exanple:

o Real -tinme vehicle status and location information can be
used to schedule open-return trips in real-tine.

o) OUTREACH can utilize real-time information from the AVL
systemto create a nulti-nodal, tined-transfer transit
service, in which sone paratransit clients who trave
| ong distances could connect with the light rail system
as well as fixed-route buses.

o OUTREACH coul d inplenent action plans to inprove vehicle

schedul e adherence in real-tine.

Users'  Perceptions

Surveys of OUTREACH clients indicate that:

() Cients, on average, perceived inprovenent in the
followng service attributes in the after-ATSS period relative to
the before-ATSS period: vehicle on-tine performance, in-vehicle
ride confort, and ease of trip booking. This was despite the fact
that the survey in the after-ATSS period occurred at the tine when
the ATSS was still undergoing nunerous nodifications, and that the
vendors were still adjusting to new ways of providing service to
QUTREACH s clients. Such client perceptions in the after-ATSS
period were likely to be influenced by the ATSS use as well as
several other policy and operational changes instituted by
OUTREACH.  Al'though it was not possible to separate the effect of
one fromthe others, it is clear that the ATSS has enabl ed OQUTREACH

(v)



to achieve productivity gains wthout clients perceiving

degradation in service quality.

Probl ens Encountered and Lessons Learned

(k) Emul ation of proven software on a different platform and
integrating it with existing in-house software, could be difficult
and costly for a paratransit agency.

(1) In inplementing advanced paratransit systems, the agency
needs to have flexibility in reallocating capital expenditures
anong conponent technol ogies as necessary, while staying within the
overal | budget.

(n) The ATSS software purchased by OUTREACH fromthe
manuf acturers lacks flexibility for inexpensive software
nodi fications, due to the current manufacture and product specific
desi gn. This led to substantial additional costs for OUTREACH
every time the software needed nodification.

(n) Unforeseen expenses could occur during the installation,
testing, and initial operation of the new system  Budgets for
I npl ementing advanced paratransit systens should include adequate
funds for project managenent and technical staff.

(o) The level of technical skills required is far nore than
any one technical person could ever handle. There needs to be
adequate budget to assenble a team of technical persons with
appropriate expertise to work on the project. The team | eader
shoul d have good technical background with sonme management skills

in order to coordinate team nenbers' work.

(vi)



(p) The transit agency needs to have adequate expertise and
manpower to develop critical check-lists at the outset to: assure
smoot h operation of the new system anticipate problens that m ght
occur during inplementation; and eval uate other alternative system
options.

(gq) Transit agencies should select hardware with higher
capacity than the required mninum to assure satisfactory system
performance and speed under real-world conditions.

(r) The AVL vehicle unit nust be shielded fromintense

sunlight to avoid equi pment nalfunctions.

Perceptions of Participants

(s) The SCVTA believed that the ATSS is the cornerstone of
the advanced paratransit system and that the ATSS was a worthwhile
investment. OUTREACH consi dered the denonstration project to have
achi eved nost of its goals, and that automation of paratransit
planning and scheduling functions is criticalto accommodating both
the trip-volume increase and operations in the new cities.
OUTREACH is happy with the reliability of the products,

Caltrans considered this project to be a successfu
dermonstration of untried APTS technologies. Caltrans believed that
the partnership between the state, |ocal government, transit
operators, and the private sector is essential in initiating,
pl anning, inplenenting, and operating this and other APTSs.

The van vendors |ike the ATSS because it makes their task of

providing rides to OUTREACH s clients easier, reduces dispatcher-

(vii)



hours, and inproves driver efficiency. The taxi vendors stated
that they prefer operation under the old systemto that under the
ATSS. They felt that the ATSS plus the dedicated vehicle

requi rement have resulted in loss of incone for taxi drivers.

Inplications to National APTS Objectives

(1) Ful | automation of vehicle scheduling and trip
reservation functions that utilizes technol ogies such as the ATSS
can help paratransit agencies to increase the percent shared rides
and achieve efficient utilization of vehicle and driver resources.
This contribution of ATSSs is particularly inportant for large and
medi um si zed paratransit operations that are undergoing rapid
growth in paratransit demand and ridership. The benefits may vary
from agency to agency, depending on other policies that the agency
concurrently inplement with an ATSS.  Cuidelines or "road maps"
shoul d be developed to help paratransit agencies to maximze the
potential benefits of the ATSS technol ogy.

(u) ATSSs can be configured to neet the needs of any
paratransit agencies regardless of the ride volune and size of the
coverage area. Therefore, the technology holds prom se for
facilitating coordination and consolidation of paratransit
services, among various cities within the same county as well as
anong counti es.

(v) Large-scale use of ATSSs is likely to depend on a nunber
of factors, including: availability of conplete and user-friendly

ATSSs; technical assistance to install and operate such systens;

(Viii)



and funding. The Federal and state governnents shoul d encourage
and provide incentives for denonstration projects of the ATSS
technology in various |ocales and under differing conditions. This
woul d help to accelerate the devel opment of next-generation, user-
friendly ATSSs, as well as to advance the ATSS use toward a
critical mass. Further, nore denonstration projects are needed to
derive reliable estimates of the benefits of the ATSS technol ogy
under differing conditions.

(w) The ATSS technology is likely to be the cornerstone of
advanced paratransit systems. Automatic vehicle location (AVL)
technol ogy, when used together with the ATSS technol ogy, have the
potential to further enhance the ATSS performance and the

productivity of paratransit operations,

(ix)



CHAPTER ONE
| NTRODUCTI ON

The Santa Clara Valley Transportation Authority (SCVTA) is
responsi ble for providing door-to-door paratransit service to
di sabl ed persons within the county since 1992. The SCVTA plans to
conply with 21 requirenents (Table 1.1) of the 1990 Anericans with
Disabilities Act (ADA) by 1997. Essentially, the ADA requires the
agency to make available paratransit service to eligible disabled
persons for an unrestricted nunber of rides per nonth, and during
the same hours as the fixed-route transit systens.

The SCVTA has sel ected QUTREACH Inc. (a private non-profit
organi zation) as its paratransit service broker. OUTREACH i s
responsible for the follow ng functions: conducting eligibility
screening; contracting with taxi and van conpanies to provide
rides; taking ride requests and reservations; adni ni stering
passenger accounts and collecting fares; dispatching ride requests
to contractors; and nmonitoring service quality. OUTREACH has
contracted with several taxi and van conpanies (termed vendors)
within the county to provide door-to-door transportation service to
clients. QUTREACH pays the vendors for service rendered, and SCVTA
in turn reinburses QOUTREACH for these and other related

expendi t ures.



TABLE 1.1 TI METABLE FOR OUTREACH S COWPLI ANCE W TH ADA
REQUI REMENTS

ADA REQUI REMENT DATE COWPLI ED
CLIENT ELIGBILITY PROCESS
1. OUTREACH accepts and processes January 1994

clients' requests for eligibility
certification

2. Conmpani ons and personal care July 1993
attendants can acconpany OUTREACH
clients

3. Visitors to the area can obtain July 1993
tenporary access to paratransit
service

SERVI CE AREA

4. QUTREACH provi des service to all July 1996

origins and destinations within
defined service area

5. OUTREACH coordi nates service with January 1997*
adj acent counties

RESPONSE Tl ME CRI TERI A
6. OUTREACH accepts trip requests dur|ng Decenber 1993
nor mal busi ness hours, on "next day"

basi s

1. OUTREACH acceﬂts trip requests on Decenber 1993
weekends and hol i days

8. QUTREACH accept s tr|p requests at Decenber 1993
| east 14 days in advance

9. OUTREACH schedules trips wthin one Decenber 1993

hour of requested tine

FARE CRITERI A .
10. dient fare no nore than twce the July 1994
fixed-route fare _
11.  Conpanion fare no nore than twice the July 1994
fixed-route fare
12.  Personal attendant is charged no fare July 1994

DAYS AND HOURS OF SERVI CE

13.  Paratransit provided during all days July 1996
and hours when fixed route is in
operation

TRI P PURPOSES CRI TERI A
14,  No restrictions on types of trip January 1997*

Rgr oses
15. prioritization by trip purpose when |January 1997*
scheduling trip requests




TABLE 1.1

REQUI REMENTS (conti nued)

TI METABLE FOR OUTREACH S COWPLI ANCE W TH ADA

ADA REQUI RENMENT

DATE COWPLI ED

16.

CAPACI TY CONSTRAI NT CRI TERI A

No restrictions on the nunber of trips
an individual is provided

January 1997*

17. No waiting lists for eligibility or July 1993
trip scheduling
18.  No substantial nunbers of July 1993
significantly untinely pickups for
initial or return trips
19. No substantial number of trip denials July 1993
or mssed trips
20.  No substantial nunber of trips wth July 1993
excessive trip lengths
21.  \Wen capacity is unavail abl e, July 1993
subscription trips are less than 50
per cent
Not e: * Projected date of conpliance, as per 1996 ADA

Paratransit Plan Update.




Taxi vendors use regular taxi vehicles (wthout wheelchair
lifts) to provide service exclusively for anbul atory users, or
wheel chair users who are able to transfer to a car seat. The van
vendors use vehicles that can carry wheel chairs, and include:

Accessible Van Service, This uses large vehicles, capable of
carrying 2 to 4 wheelchairs. Mst wheel chair-bound clients were
transported by accessible vans up to August 1995. Accessible van
service is generally nore expensive than taxi service because it
uses nore specialized vehicles, and van drivers provide more help
to passengers (e.g. operating wheelchair lifts).

G oup Van Service. This uses simlar vehicles as accessible
van service, but is operated under contract with social agencies to
transport groups of clients, who nay be anbul atory or wheel chair
users. The use of bigger vehicles also nakes the group van service
more expensive than taxis.

M xed Van Service. This was introduced in August 1995, and

by March 1996 has replaced the accessible van service. Thi s
service utilizes the same wheel chair accessible vehicles for
transporting both ambulatory and wheel chair passengers, but nost of
the vehicles are mnivans instead of full-sized vans. At the
present tine, nore than half of OUTREACH s total rides are by

m ni vans.

SERVI CE EXPANSI ON
To conply with the ADA requirements, the SCVTA had to expand

Its paratransit service very significantly since 1993. Thi s



i ncl uded expansion of both the service area and service hours,

reduction of reservation lead tine from 48 hours to previous day,

and gradual renoval of the limt in the number of trips that
eligible persons are allowed per nmonth. Such expansion has led to
sharp increases in the paratransitdemand and ridership, as evident
by increases in the nunber of active users, frequency of use, and
length of trips. O the estinmated 56,000 ADA eligible riders in
the county, OUTREACH served about 3,000 in 1993. Projected riders
IS expected to increase to 10,000 by 1997, and the nunber of annual
trips from 300,000 in 1993 to 890,000 by 1997.

ADVANCED PARATRANSI T SYSTEM DEMONSTRATI ON PROJECT

Both the SCVTA and OUTREACH had, at the outset, anticipated
rapid ridership growth as a result of the ADA's requirements. To
position itself to neet this anticipated growh in tinme of
declining transit operating budgets, and to assure snooth operation
in the new service area, OUTREACH began to fornulate a plan to
inmpl ement a "smart" or advanced paratransit systemin 1993. This
system would automate various day-to-day functions of the
paratransit operation, particularly the assignnent of passenger
trips to vehicles to maximze shared rides, vehicle scheduling,
moni toring of service quality, and accounting and reporting tasks.
During the initial planning stage, OUTREACH stated that the prinmary
goals for inplementing an advanced paratransit system were to:

1. Maxi m ze shared rides and optimze efficient route

sel ecti on.



2. Automat e vehicle resource allocation to acconmbdate
special needs (e.g., placing a certain style wheelchair
on the vehicle type that wll accommpdate it) for
efficient route planning.

3. Reduce route processing tine, fromtasks requiring eight
hours of staff time to tasks acconplished by automation
in mnutes.

4, Make real -time changes to vehicle routes to accommodate
schedul e revisions either additions or deletions, which
would result in nore efficient use of driver/vehicle
time, inproved client service, and reduced costs.

5. Integrate fixed-route public transit system wth
paratransit trips, the goal of which is to provide 10-20%

of total trips as inter-nodal.

6. Reduce 48-hour response time to "next day" response tine.

1. Accurately account for mles traveled by vehicles.

8. Reduce vehi cl e deadhead of van and taxi operations, as
well as through integrated wuse of inter-noda

connecti ons.

9. Inmprove on-time rides and custoner ratings of

satisfaction with the service.

The OUTREACH s advanced paratransit system consists of three
rel ated advanced technol ogi es: a digital geographical database
(DGD) automated trip scheduling system (ATSS), and autonated
vehicle location (AVL) equipnent. The denonstration project was

inpl emented in an increnental manner, with capital assistance from



the California Department of Transportation (Caltrans). First, the
DG and the ATSS were installed and became operational in February
1995. Then, the AVL equipnent was installed on 40 accessible vans
and becane operational in June 1996. In this report, the
installations of the DG and ATSS are referred to as Phase 1, and
that of the AVL equi pnent as Phase 2. Please note that OUTREACH s
own docunentation refers to each installation of the D&, ATSS, and
AVL equi pmrent as Phases 1, 2, and 3, respectively.

The actual inplenmentation of these technol ogies differed
slightly fromthe above original goals of OUTREACH. In 1995
OUTREACH sought and received approval from Caltrans not to instal
AVL equi pnment on a small nunber of fixed-route buses as originally
proposed. Further, after the AVL installation on about 40 vans was
completed in June 1996, OUTREACH was not ready to inplenent inter-
modal trips (i.e., linking paratransit trips to the fixed-route
system) during this evaluation period. Therefore, the above

original goal #5 was not applicable to this evaluation study.

M LESTONES

About the time when the advanced paratransit system
denonstration project was under way, the SCVTA and OUTREACH
instituted several policy changes, nost of which were ainmed to
facilitate full ADA conpliance by 1997. These policy changes are
described below. The mlestones for these policy changes as well

as the denonstration project activities are shown in Figure 1.1.



FIGURE 1.1 TI METLI NEOF QUTREACH POLI CY CHANGES AND APTS
| MPLENTATI ON M LESTONES, 1993- 1996

1993 August

Decenber

1994 April

May

July

Sept enber

Oct ober

Decenber

1995 February

April
June

July

1996 June

- OUTREACH desi gnated as SCCTD' s ADA

paratransit broker

Previ ous day reservation avail able
to all users

OUTREACH st opped providi ng sane-
day service

Bef or e- ATSS period user interviews
conduct ed

North County cities added to
QUTREACH s service area

Fare changed from di stance-based
to flat $1.50 fare

QUTREACH installed new tel ephone
system

- Al'l onabl e vehicle response tine for

open returns changed from 30 to 60
m nut es

- | NSTALLATI ON OF DI G TAL GEOGRAPHI C

DATABASE

QUTREACH hired 5 additiona

t el ephone schedul ers
DEPLOYMENT OF AUTOVATED TRI P
SCHEDULI NG SYSTEM

Trip limts increased from 16/ 24,
to 24 trips per nonth for all users

After-ATSS period user interviews
conduct ed

Three nore cities added to
OUTREACH s service area

Fare increased to $2.20 flat fare;
conganions charged the same fare
QUTREACH required all vendors to
serve OUTREACH clients with

dedi cated vehicles

| NSTALLATI ON_ OF AUTOMATED VEHI CLE
LOCATI ON SYSTEM COVPLETED




Servi ce Area Expansion

In July 1994 (about seven months before the inplementation of
the ATSS), five new cities in Northern Santa Cara County were
added to the original seven cities -- Sunnyvale, Palo Ato,
Muntain View, Los Altos, and Los Altos HIlls. In July 1995 (about
four nmonths after the inplenentation of the ATSS), three nore
cities (Los Gatos, Saratoga, Mnte Sereno) were added. These 15
cities currently served by OQUTREACH are shown in Table 1.2,

together with the population wthin each

Fare Changes

In July 1994, QUTREACH changed the paratransit fare structure
from a distance-based to a flat fare. Prior to this date, users
pai d between $1.50 and $3.00 per trip depending on the distance
travelled. The flat fare after July 1994 was $1.50 per trip. This
made the out-of-pocket costs of making longer trips lower, and
those for shorter trips essentially unchanged.

In July 1995, the flat fare was raised from $1.50 to $2.20 per
one-way trip. Further, conpanions who travel with OUTREACH clients
are also charged the same fare (these individuals traveled free in

the past).

Relaxing Limts on Nunber of Trips
Prior to April 1995, clients could choose one of two service
categories. Category A allowed each client 24 one-way trips per

nonth for medical purposes. Category B allowed a client 16 one-way

9



TABLE 1.2 CI TIES SERVED BY QOUTREACH PARATRANSI T SYSTEM

DATE INCORPORATED 1990 POPULATION

INTO OUTREACH (Source: 1990

SERVICE AREA Census)
San Jose Decenber 1993 782,248
Santa Cara Decenber 1993 93,613
Cupertino Decenber 1993 40,263
Campbel | Decenber 1993 36,048
M| pitas Decenber 1993 50,686
Glroy Decenber 1993 31,487
Morgan Hill Decenber 1993 23,928
Mountain View July 1994 67,460
Los Altos July 1994 26,303
Los Altos Hills July 1994 7,514
Palo Alto July 1994 55,900
Sunnyval e July 1994 117,229
Los Gatos July 1995 27,357
Mont e Sereno July 1995 3,287
Sar at oga July 1995 28,061
TOTAL SANTA CLARA COUNTY POPULATI ON 1, 391, 384




trips for other purposes. As of April 1995, these categories were
elimnated and each client is allowed 24 trips per nonth,

regardl ess of the trip purpose. A full conpliance with the ADA
will require QUTREACH to drop all restrictions on the number of
trips an individual is allowed by 1997.

Sane- Day Service

Until April 1994, QOUTREACH provided same-day service, and
sane-day trips accounted for about 10% of OUTREACH s trip vol une.
Since then, same-day service has been virtually elimnated, and
clients now have to book rides at |east one day before. This
i ncludes open return trips (trips to return home where pick-up

times are not specified in advance).

RI DERSHI P PROFI LES

The nunber of OUTREACH passenger trips and passenger mles
have steadily and substantially increased since 1993. So have the
nunber of people registering for OQUTREACH service, frequency of use
of service, and distance travelled by the average client. These

are el aborated bel ow.

Nunber of Registered Clients

Figure 1.2 shows the number of clients registered for OUTREACH
service per quarter. The figure indicates that the nunber of
registered clients increased steadily over tinme. Between July 1993
and March 1996, the nunber of registered clients doubled from 6, 000

11



NUMBER OF OUTREACH PARTICIPANTS
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to more than 12,000 clients. This was due to the expansion of the
service area, plus the relaxation of the limt on the nunber of

trips clients can make per nonth.

Nurmber of Active Cients

Active clients are defined as those who actually take a ride
on OQUTREACH s systemwithin a particular nonth. The nunbers of
monthly active clients for the van and taxi nodes, from March 1994
through March 1996, are shown in Figure 1.3. The figure indicates
that the total number of active clients increased sharply over
time. In July 1994, the nunmber of active clients for the taxi node
increased due to a growth in ambulatory taxi users, brought about
by the expansion of the OUTREACH s service area. The growth in
active users for the van node since 1995 was due to OUTREACH s
decision to serve nost users in the North County service area using
"mxed mode" mni vans (instead of taxis). Even though many of

these users were anbul atory, they were included under the van node.

Total Passenger Trips and Passenger M es

The nunber of passenger trips and passenger mles per nmonth is
shown in Figure 1.4. The nunber of passenger trips is the nunmber
of one-way trips taken by clients per month (excluding trips by
care attendants or conpanions). Passenger mles are the shortest
di stance between origins and destinations, regardless of the actual
route travelled. The figure indicates that both passenger trips

and passenger mles increased very substantially over time, as a
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NUMBER OF ACTIVE CLIENTS PER MONTH

FIGURE 1.3
ACTIVE CLIENTS
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PASSENGER MILES PER MONTH

{Thousands)

FIGURE 1.4
PASSENGER VOLUME SERVED BY OUTREACH
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result of changes in the follow ng OUTREACH poli cies:
- The addition of eight nore cities into the OQUTREACH
service area (in July 1994 and July 1995).
- A reduction in the fare in July 1994, which could have
encouraged clients to make nore trips than before.
- Rel axing of the limt on the nunber of trips that clients
could nmake in April 1995.

Trip Rate Per dient

Figure 1.5 shows average nonthly trip rates per active client
for the taxi and van nodes, before and after OUTREACH started
relaxing the limt on the nunber of trips that clients were allowed
in April 1995. As expected, average nonthly trip rates for taxi
users were higher after April 1995 than a period before. The
figure also shows that trip rates for taxi and van users after
April 1995 were nuch nore simlar than those in a period before
April 1995, Prior to April 1995, van users represented a
relatively small group of clients who took nore trips per nonth
than taxi users. At that time, van users included many wheel chair
clients whose nmedical needs required intensive use of the
paratransit system(e.g. in order to travel to/fromdialysis
treatment three tinmes a week). After April 1995, van users becane
nmore simlar to taxi users. Anbulatory clients in the North County
service area becane van users, Wwth simlar trip rates to the

remai ning taxi users.
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FIGURE 1.5
AVERAGE TRIPRATES OF OUTREACH CLIENTS
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Passenger Trip Lengths

Mont hl y average passenger trip lengths (i.e., total passenger
mles divided by total passenger trips) are available from OUTREACH
between July 1994 and March 1996 (Figure 1.6). The figure
I ndi cates that passenger trip lengths over tine for the taxi and
van nmodes exhibit simlar trends. The average trip length for al
users increased from about 4.6 mles in July 1994 to 5.8 mles in
March 1996, probably due to two policy changes -- the adoption of
a flat fare in July 1994 (which decreased the out-of-pocket cost of
| onger passenger trips relative to shorter trips); and the
expansion of the service area. Trips with only the origin or
destination in the new service area were not possible before, but
becane possible after the expansion of the service area.

Increased passenger trip lengths inply higher consunption of
the paratransit system output. Therefore, total passenger mles
are a nore appropriate neasure than passenger trips in the analysis
of the inpacts of the OUTREACH s advanced paratransit systemin

subsequent chapters.

Trip Request Denials
Cient trip requests may be denied by OUTREACH for the
foll ow ng reasons:
- Cients request same day service.
- Cients request nore trips than are allowed per nonth
The number of denied requests is related to OUTREACH s trip

policies, and how well clients are aware of these policies. Trip
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requests have never been denied because of a |lack of vehicle
capacity. The number of trip denials, expressed as the percent of
passenger trips served per quarter, is shown in Figure 1.7. The
figure indicates that a very small fraction of requests were
denied. A sharp increase in trip denials in the first half of 1994
coincided with QUTREACH s decision to stop providing sane-day
trips. Trip denials decreased slightly in the last three quarters,
corresponding to the raising of the allowed number of trips in
April 1995. The trends in trip denials followed OUTREACH policy
changes, of which relaxation of the trip limt was probably the

most inportant.

OBJECTIVE OF TH S STUDY

Advanced paratransit systems simlar to the one OUTREACH
i npl enented have not been widely inplenented; neither is there
docunentation to guide their inplenentations or know edge of their
Impacts. At Caltrans's request, the University of California at
Berkel ey conducted this evaluation study ained to:

- Determne the inpacts of the advanced paratransit system
on the transit agency and user.

- Assembl e a know edge base to serve as a bridge between an
operational test in Santa Clara County and the
understanding of its inpacts and effectiveness for other
locales, as well as to provide an insight into how such
systens may contribute to the national advanced public

transportation systens (APTS) objectives.
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FIGURE 1.7
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ORGANI ZATION OF THI' S REPORT

This report is organized into six chapters as follows.
Chapter Two presents the inplenentation process and functionality
analysis of the advanced paratransit system Chapter Three
presents the analysis of cost and productivity inpacts of the ATSS.
Chapter Four presents the user perceptions of service quality based
on client surveys. Chapter Five discusses the benefits of the AV
system Finally, Chapter Six discusses institutional issues in the
i npl ementation of the advanced paratransit system as well as the

inplications for the national APTS objectives.
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CHAPTER TWD
TECHNOLOGY | MPLEMENTATI ON

This chapter describes the features and functional
capabilities of the automated trip scheduling and automated vehicle
location technologies inplenmented by OUTREACH during the
denonstration project. It also discusses how these technol ogy
conponents are integrated into OUTREACH s paratransit operations
and various issues that arose during their inplementations.

The OUTREACH advanced paratransit denonstration project
I nvol ves the deployment of three related technol ogies:

* A digital geographic database (DQD).
* An automated trip scheduling system (ATSS).
* Automated vehicle location (AVL) equipnent.

The DCGD all ows maps of the OUTREACH service area to be
di spl ayed to OUTREACH tel ephone schedul ers (who answer client calls
and book trips on-line) on conputer screens. It al so provides
addi tional functionality over paper maps (e.g., the ability to vary
the display of information and to automate the process of
cal culating distances or travel times between specific points).
The tel ephone scheduler can vary the scale of the displayed nap

(zoomin and out) and nove the display (terned panning) to show
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different parts of the service area. Different parts of the map
can be displayed in different windows on the conputer screen at the
sane tinme, and the schedul er can quickly nove between the wi ndows.
The information on the digital map is stored in layers, which the
user has the ability to display selectively to tailor the level of
detail to the scale of the display.

In addition to display capabilities, the DG supports the
geocodi ng of addresses into position coordinates (latitude and
longitude). This forns an essential step in the operation of the
ATSS software. Finally, the DGD provides a neans to display the
position of vehicles determned by the AVL equi pnent.

The ATSS software takes individual client trip requests as
they are received by the OQUTREACH tel ephone schedul ers and assigns
them to available vehicles. This is acconplished by conbining
multiple riders into a single vehicle trip where practical while
reducing circuity and deadheadi ng as nuch as possi bl e. Thi s
function, called building "multiples" (i.e., shared rides),
repl aces the manual process that was formerly in place prior to the
denonstration project. The autonmation of this nultiple building
task is intended to inprove the efficiency of formng shared rides,
as well as to provide the systemwith the ability to react to
changes in trip requests (e.g., canceled trips or late requests)
and readjust the allocation of vehicles to clients in near real-
time. The way in which these functions are performed is discussed
in nore detail below

The AVL equi pment is based upon the use of global positioning
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system (GPS) receivers in each equipped vehicle. These receivers
determne the position (latitude and longitude) of the vehicle on
a continuous basis, using signals transmtted by satellites. The
vehicle position is then transmtted to a base station by a data
radi o |ink. The data radio link also has the capability of
transmtting nmessages from the base station to the vehicle, which
can be displayed to the vehicle driver on a unit installed on the
vehicle. The base station operator can select predefined nessages
to send to the vehicle or can type any desired text message. The
driver can also send a nunber of predefined nessages to the base
station, including acknow edging the receipt of a message, but does
not have the ability to send variable nessages. The nessages
bet ween the base station and each vehicle are stored at the base
station and can be displayed by OUTREACH

In addition to the ability to track the |l ocation of each
equi pped vehicle and display it on a digital map, the position and
vehicle status information derived fromthe AVL and driver messages

are stored in a database that is used by the ATSS software.

SYSTEM | MPLEMENTATI ON

The three technol ogy conponents of the advanced paratransit
system were inplenented in two phases. During Phase 1, which was
conpl eted in February 1995, the DG was installed on OUTREACH
conputers, the conputer system was upgraded with additional

equi prent, and the ATSS software was inplenmented on this new

25



system 1

Phase 2 commenced in March 1996 and involved installing AVL
equi pment on 40 accessible vans used to provide OUTREACH
services.2 The AVL system became operational in June 1996. It
allows the ATSS software to track the locations of the AVL equi pped
vehicles in real time, and update the vehicle trip plan displays as

drivers conplete each pick-up or drop-off.

Features and Functional Capabilities
The features and functional capabilities of the three
t echnol ogi es inplemented under the two phases of the denonstration

project are described bel ow.

Digital Geographic Database (DGD)

The DGD provides a conputer-generated map of the OUTREACH
service area, with supporting data files that include the street
address range for each street segment (block). This allows the
geocoding of any address, by first locating the street segment on
which it lies, and then estimating its geographical coordinates
fromthe coordinates of the two ends of the segnent and the address
range of the segment. The geocoding al gorithm assunmes that the

addresses in the segnent are uniformy distributed between the

1 This first phase corresponds to Phases | and
Il of the Caltrans denonstration project
contract.

. This phase corresponds to Phase Il of the
Cal trans denonstration project contract.

26



segment ends. Wile not usually correct in practice, the errors
thereby introduced are not large (typically only a small percentage
of the block Iength), and do not affect the routing of a vehicle
(since it has to traverse the block to reach the address).

The DGD replaced the use of printed maps and offers several
features that are not possible with printed maps. The capability
of adjusting the scale of the conputer-generated nap display
(zoomng) allows the user to work at whatever scale is nore
appropriate for the issue at hand, whether showi ng an overview of
the region or a detailed view of individual street segments. This
is a lot nmore convenient than working with |arge-scale printed
maps, Which nust either be physically very large, and thus awkward
to handle, or spread over many pages, which makes finding any
particular street cunbersome. Displaying the map directly on their
comput er screens saves the tel ephone schedulers having to work with
a separate document (or stand-alone conputer systen), and
facilitates the integration of map-related tasks into the work
f1ow. Finally the geocoding capability allows the systemto
automatical ly locate addresses and display the relevant area of the
mp, thus greatly sinplifying the task of locating pick-up and
drop-of f addresses.

The DGD is also used by schedule analysis staff to identify
pi ck-up and drop-off |ocations on a vehicle itinerary or to
cal cul ate distances to determ ne vendor paynents.

The DG was donated by Navigation Technol ogi es (NavTech)

toget her with annual naintenance support. The NavTech database
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contains city and street names, address ranges for each block, and
traffic flow characteristics, such as capacity, speed limt,
traffic signals and turn restrictions. It also includes
information on major facilities, such as hospitals, governnent
bui | dings, schools and transit termnals. Coordinates are stored
to a precision of /100,000 of a degree, or about 3.5 feet.

The database is based on the U S. Ceological Survey 7.5 mnute
quadrangl e sheets, updated and extended with information from
aerial photography, local base maps, data collected by the American
Aut onobi | e Association, the U S. Postal Service zip code tapes,
state, county and nunicipal sources, and NavTech's own field work.
The database is continually updated as new information becones
available.  The DGD provided by NavTech covers Santa O ara County

and the adjacent counties within the OUTREACH service area.

Autonmated Trip Scheduling System (ATSS)

The ATSS software takes each passenger trip request and
Identifies how this can be assigned to a specific vehicle in a way
that uses the vehicles nost efficiently, while maximzing the
anmount of ride-sharing. This process nust al so respect any
constraints inposed by client requirements (e.g., the need to
accommodate a Wwheel-chair or appointnent tines) and service
standards defined by OUTREACH, such as the maximum amount of tine
that a client should spend on a vehicle for a trip of a given
| engt h. It rmust also reflect the tine required to drive from

| ocation to location, and to |oad and unl oad passengers.
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The result of this process is a list of vehicle itineraries,
indicating pick-up and drop-off |ocations in sequence and
associ ated times. The manual process fornerly in place relied
heavily on the ability of OUTREACH personnel to recognize potentia
trips that could be combined into nultiples, as well as on their
knowl edge of the region and their ability to estinmate vehicle
travel times. Such a manual process was al so tinme-consum ng.

The devel opment of conmputer algorithms to automate this
process is a classical problemin operations research, and has been
extensively studied. These algorithms use optimzation routines to
seek a near-optimal allocation of passenger trips to vehicles.
Their ability to do this is limted only by the conplexity of the
problem and the tinme available to perform many required iterations.

In the current application, the problemis conplicated by the
need to advise OQUTREACH clients of their pick-up times when they
make their trip reservation, Thus the allocation of rides to
vehicles is made as each trip request is received, wthout know ng
anyt hing about ride requests that are yet to be nade. This is
likely to result in a very different allocation of rides to
vehicles than what would result fromfirst recording all the trip
requests for a given day, then grouping trips together into
multiples, and then leaving it up to the vendors to allocate these
rides to vehicles, as was done with the previous manual process.

For OUTREACH, the application of the ATSS was further
conplicated by the fact that the vehicles are provided by many

different vendors who are responsible for dispatching their own
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vehicles. During the initial months of ATSS depl oynent, OUTREACH
provided the vehicle itineraries for each day to the vendors on
conputer print-outs the previous evening. By early 1996, a
comput er systemand printer had been established at each vendor,
and OUTREACH now transmts vehicle itinerary files by tel ephone
modemto be printed at the vendor site.

System Har dwar e. Prior to the start of the advanced
paratransit demonstration project, OUTREACH had nade the decision

to upgrade its conputer systemfroman |BM System 36 to an | BM
AS/'400. The latter was acquired with another funding source, and
was not part of the denonstration project. By the start of the
denmonstration project, conversion of the existing conputer software
(called the Integrated Paratransit Business System IPBS) to the
new AS/ 400 conputer was well underway. The advanced paratransit
denonstration project included some additional equi pment and
personnel resources to fully inplenment the IPBS and integrate the
DG and ATSS software.

The DA was initially installed on the AS/ 400 conputer.
However, it was found to be difficult for the ATSS software to
access the AS/400 in real time, so the DGD was also installed on
the Novell file server (a Conpaq Proliant 2000) supporting the
Ethernet local area network. Thus beyond the systemintegration
tasks already nentioned, this conponent of the system required no
further hardware. The ATSS software, discussed in nore detai
bel ow, operates under the DOS operating system and was installed

on a Hewl ett Packard Pentium 60 personal conputer operating as a
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client server, connected to the rest of the OUTREACH systemt hrough
an Ethernet |ocal area network. The client/server architecture
allows any of the workstations attached to the OUTREACH network to
send requests to the ATSS server to performtrip assignment tasks.

In turn, the ATSS server exchanges passenger trip and client

information with the AS 400.

The overall system architecture at the end of Phase 1 of the
denonstration project is shown in Figure 2.1.

Sof t war e. The ATSS software consisted of the Quo Vadis
paratransit software nodules from UM Engineering (later renaned
Trapeze Software), which perform both trip reservation and ride
scheduling functions. The reservation function involves entering
the client identification and the trip details -- date, tines,
pi ck-up and drop-off locations, and conpanion riders. The client
dat abase is checked for eligibility and any special requirements
(e.g., Whether the client uses a wheelchair or is blind).

The ride scheduling function then inserts these rides into a
sequence of pick-ups and drop-offs for a given vehicle on a given
day. Since drivers in the OUTREACH program are required to know
the local street system it is not necessary to provide actual

driving directions fromplace to place. The ATSS software assigns
clients to vehicles in a way that attenpts to mnimze the vehicle

cost while generating acceptable client pick-up and drop-off times

and respecting special client needs. This is achieved by assigning
client trips to specific vehicles to maximze an objective function

that reflects the trade-offs between the cost of providing service
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and the quality of the service provided, subject to constraints
I nposed by OUTREACH service standards (e.g., specified time w ndows
around the scheduled pick-up time within which the pick-up wll
occur or the maxinumtine that a client will spend on a vehicle).
The details of this process are described in the "Data Input and
Qut put" section.

Information on client trips is maintained by the ATSS
software, including the assignment to vehicles and the |ocation
coordi nates that were conputed using the DG when the reservation
was accepted. The software obtains travel tines between |ocations
fromthe DG, using two different nmethods described in nore detail
below At the end of each day, the client trip information is
upl oaded to the IPBS on the AS/400 for client record keeping and
vendor accounting. The software can al so produce standard reports

of system performance to be used by OUTREACH nanagenent.

Autonatic Vehicle Location (AVL)

The AVL system consists of a base station (located at
OUTREACH) and the AVL equi pnent on each vehicle. Since the vehicle
position is conmunicated to the base station by a digital radio
link, this link can also be used to transmt messages between each
vehicle and the base station. Thus the systemis in fact both a
vehicle location plus conmmunication system

Apart fromthe ability to track the location of each equipped
vehicle and display it on a digital map, the position and vehicle

status information derived fromthe AVL and driver nessages can be
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stored in a database that is used by the ATSS software.

Vehi cl e Equi pment  The equi pment on each vehicle consists of
a Trimble PSC-200 Intelligent Data Controller with a GPS receiver
This is linked to a Mtorola Maxtrac digital radio. The controller
can also receive inputs from vehicle sensors, such as the ignition
and communicates with a Trinble Echo XL nobile data termnal (MDT).
The MDT can display free-form messages of up to 230 characters
transmtted fromthe dispatch center and allows the driver to send
up to eight predefined status messages or fifteen pre-programed
messages by pressing keys on the unit. Each key is |ocated near
the screen, which displays the title of that status key.

The MDT is programmed to store up to eight nessages providing
the data for the next client pick-up or drop-off events. These
nmessages are stored in tine order and the driver can scroll through
the nmessages. In the normal course of operations only six event
messages are sent to the MDT at any one time. This allows two
addi tional nessages for new trips that need to be inserted into the
sequence to be sent to the vehicle without overwiting existing
messages and then needing to resend them

Base Station Equipnent  The base station equi pment provides
the communication link with the vehicles and conprises a Trinble
PSC-200 Intelligent Data Controller, linked to Trimnmble NCManager
networ k conmuni cations managenment software running on a 486-class
conputer and a Mdtorola Maxtrac control station radio. The network
conmmuni cations nmanagenent software nmanages the nessage, AVL

pol ling, and network control functions. The base station radio is
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linked by a directional antenna with a Mdtorola Quantar repeater
| ocated at the transmssion tower. The NCManager is linked to a
differential GPS server running on a separate 486-class conputer
This receives position signals froma GPS receiver located at the
base station, conpares those positions with the actual |ocation,
and generates GPS position corrections which are broadcast to all
the vehicles.

The comuni cation system between the base station and vehicles
Is illustrated in Figure 2.2.

D spatch Center Equi pnent The QUTREACH dispatch center

conprises Trinble AVLManager system managenent software running on
a 486-class conputer, together with Trinble StarView real-tine map
di splay software running on a Sun Sparcstation 5 workstation. The
syst em managenent software serves as the data interface to the
vehicles and supplies vehicle [ocations and di splay commands to the
map display system

The current system configuration can support up to five
termnals displaying vehicle |ocation and status in text format,
al though only three are currently installed. The software could
support a further eight termnals, wth expansion of the hardware
to provide nore serial ports.

The StarView map display software shows the |ocation of each
vehicle on a digital map, using user-selectable icons. The system
can display the identity of each vehicle as well as its status by
changing the icon color. In addition, text information for each

vehicle can be displayed in a pop-up window. The software also has
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Figure 2-2
Communi cation System between OUTREACH and AVL Equi pped Vehicl es
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the capability to display vehicle |ocations on other nmap display
systens (such as the OUTREACH client scheduling system by neans of
commands transmtted over an Ethernet 1ink. However, this
capability is not yet inplenented at OUTREACH

| nstead, the AVLManager software is |inked by a serial cable
to a Pentium P90 conputer running custom software, and terned the
MDT server. This communicates with the ATSS software over the
Et hernet |ink and utilizes the vehicle position and status reports
to update the dispatch displays that show the sequence of client
trips assigned to each vehicle with the tinmes at which each tripis
actually performed, and hence those trips that have been conpleted.
This server also takes the information on the sequence of client
trips for each vehicle fromthe ATSS and generates the messages to
be transmtted to the MDT in the vehicle.

Dedi cated workstations in the OUTREACH dispatch center run the
di spatch display for each of the three vendors with AVL equi pped
vehi cl es.

Renot e Di spatchi ng Equi pment Termnals are installed in the

di spatch office of each of the three van vendors. Each term nal
echoes the dispatch display for that vendor, via modem and regul ar
tel ephone lines. Thus both the OQUTREACH and vendor dispatchers can
view the same display sinultaneously while conferring by tel ephone
and either can manipulate the display fromtheir keyboard.

The overall systemarchitecture at the end of the Phase 2

(which inplemented the AVL system) is shown in Figure 2.3.
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Figure 2-3
Phase 2 System Confi guration
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Data | nput and Qut put

In order to understand how the ATSS fits into the overal
provision of QUTREACH services, this section describes the input
data entered into the ATSS and the output generated by the system

At the highest level, the input consists of a series of
requests for service that specify the location at which the client
wi shes to be picked up, the location to which they wish to be
taken, and either the time at which they wish to be picked up or
the time by which they need to be at their destination, together
with any other restrictions (such as nmobility linmtations). The
out put of the process consists of a list of vehicle trips that
identify for each trip the locations and times at which clients

have to be picked up and dropped off.

Cient R de Requests

Wen a client calls OUTREACH to book a trip, the OUTREACH
t el ephone scheduler enters the trip information into the trip
database: the client's identification, |ocations of pick-up and
destination, and requested time (either for the pick-up or
destination). The system checks the client's eligibility, the
ability to neet the requested time, and conmputes the fare that the
vendor will be paid for the ride.

Ri de requests for non-recurring trips (termed casual rides)
take place during the 14 day period prior to the day of travel.
Some trips may be scheduled on a regular basis (for exanple medical

appoi ntmrents may take place at the same tine each week), and
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requests for these trips (termed subscription rides) are made nore
than 15 days in advance of the first trip. Generally, clients wll
make a reservation for an outbound and return trip. However, in
sone cases they will not know the tine of the return trip (which
may depend on factors beyond their control, such as the wait to
obtain medical treatnent), so this will be left as an open return.
VWen they are ready to be picked up, they will call OUTREACH and
request a pick-up.

The distribution of how far in advance trip requests occur is
shown in Table 2.1, based on an analysis of QUTREACH tel ephone data
for selected days. The effect of weekends on the pattern of trip
requests can be seen fromthe data in the table, with a large
proportion of trip requests for a given day occurring on the |ast
two or three weekdays prior to the day of travel and very few
requests on a weekend, except for trips on the follow ng nonday.

The locations for the pick-up and destination may be given as
street addresses or naned |ocations (such as a specific hospital).
Each client's hone address will already be entered in the client
database.  These addresses (or |ocations) are then geocoded to a
| atitude and | ongitude position for use in the trip scheduling
software. This process also serves to check that the schedul er has
entered a valid address or |ocation. At this point, the ATSS
assigns the trip to a vehicle (as described in the next section)
and the client is advised of the pick-up tine. This ensures that
a viable plan exists to serve the requested trips, given the

avai l abl e vehicles and travel tines involved.

40



Table 2-1
Booking Pattern for Casual Trips

Ride Date
Days 8/ 07/ 95 9/ 14/ 95
Before Trips (% Trips (%
14 9 1.8
13 4 0.8 19 2.7
12 11 2.2 2 0.3
11 8 1.6 3 0.4
10 10 2.0
9 27 3.8
8 1 0.2 23 3.2
7 21 4.2 37 5.2
6 33 6.6 36 5.0
5 39 7.8 12 1.7
4 88 17.5 20 2.8
3 147 29.2 132 18.5
2 57 11.3 149 20. 8
1 67 13.3 251 35.1
sane 8 1.6 ‘ 0.6
503 100.0 715 100.0

NOTE: Weekend days shown in italics. Septenber 4
rgllo' gays before travel day) was the Labor Day
ol i day.

SOURCE:  Analysis of OUTREACH trip reservation data.



Vehicle Trip Plan

As client requests are accepted and assigned to vehicles, a
trip plan evolves for each vehicle. These trip plans conprise
sequences of single and multiple passenger trips, organized to
provide each vehicle with a reasonable sequence of pick-ups and
destinations.

Fifteen days ahead of the day of travel, the subscription
trips are assigned to vehicles by the ATSS software. As regul ar
reservations come in over the next 14 days, the ATSS assigns each
trip to a vehicle. The trip scheduling algorithm that assigns
trips to vehicles has two nodes of operation. The first takes a
set of unscheduled trips and optimally assigns themto vehicles.
The second node of operation inserts a single trip into a set of
scheduled trips by assigning it to a vehicle. The algorithm uses
an objective function that conprises a series of paranmeters and
associ ated weights, that reflect the relative inportance of various
measures of system performance, such as the tine clients spend on
the vehicle or the vehicle-mles travelled. The user can vary the
way trips are scheduled by changing the weights for each parameter

The al gorithm schedules trips by examning the effect on the
obj ective function of assigning the trip to each vehicle in turn.
Time windows are defined around requested pick-up and drop-off
times, and pick-up and drop-off tinmes can be rescheduled within the
wi ndow to allow insertion of another trip. The current paraneters
used in the objective function and their relative weights are shown
in Table 2.2,
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Table 2-2
Trip Assignment Algorithm Parameters

Parameter unit Weight
Vehicle distance miles 4
Vehicle travel time minutes 05

Passenger travel time minutes 0.1




This process requires an estimate of travel times between any
two points. \Wile this can be done by performing a shortest-path
anal ysis on the street network database, this takes too long for
real -time analysis (such as taking a client booking). Therefore
the ATSS software provides three faster alternatives. The first
sinply calculates the straight-line distance between the points and
uses an average speed. The second provides a sonewhat inproved
estimate by cal culating the distance along the two perpendicul ar
sides of a right angled triangle, the hypotenuse of which joins the
two points. The orientation of the two perpendicular sides with
respect to north can be varied to match the predom nant orientation
of the street grid. The third alternative is based on dividing the
region into equally sized zones and estimating the travel time from
the number of zones between the two points.

The user can specify which alternative travel tine calculation
I's used by the scheduling algorithm  QUTREACH has sel ected the
triangul ation approach, with the assumed speed varying by time of
day. However, the street network approach is used later to
determne the true street distance to calculate fares and ride
di st ance.

Two situations arise that cannot be handled by the foregoing
procedure. Qbviously, wll-call (i.e., open return) trips cannot
be assigned to vehicles at the tine of booking, since it is not
known when they will occur. The second situation arises when there
are insufficient vehicles assigned to OQUTREACH operations to accept

a trip without violating service constraints (such as the maxinmm
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time that a client can be on the vehicle). In practice, additiona
vehicles will usually be assigned by the vendor to cover these
OUTREACH operations. Therefore extra trips that cannot be assigned
to a specific vehicle are assigned to a "virtual vehicle"
(designated as vehicle zero for each vendor).

Toward the end of each day, QOUTREACH reviews the nunber of
shifts required for the followng day with the vendors and nost of
the virtual vehicle rides are assigned to additional vehicles.
However, the vendors like to keep a few rides on the virtua
vehicle, so that they can make up for any cancellations on the day
of service.

The trip scheduling software then prepares reports listing the
vehicle trip plan for the next day. Three different reports are
generated: a list of pick-ups and drop-offs in tine sequence for
each vehicle, a list of pick-ups and drop-offs for all vehicles in
tinme sequence, and a list of will-call trips that have not been
assigned to a vehicle. These reports were originally printed for
each vendor and picked up by a vendor's representative for use by
thei r dispatchers the next day. As noted above, they are now
transmtted to the vendors electronically and printed at the

vendors' dispatch offices.

Vehi cl e Dispatching
If the client requests contained in the vehicle trip plan for
a given day did not change, if no problems were encountered by the

vehicle drivers, and if the vehicles performed no other duties, the
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drivers could sinmply be given the trip plan for their vehicle for
that day and left to performthe trips. However, none of these
conditions are typically true. Details of client trips change
(nost commonly the pick-up tines for return trips), new trips may
need to be added and sone canceled, vehicles may encounter
unexpected traffic delays or the tine to load and unload passengers
may take | onger then expected, or vehicles may experience
mechani cal probl ens. In addition, the vendors providing the
transportation services also serve other clients, and thus may need
to fit those trips into the schedule of trips being perforned for
OUTREACH. Therefore the assignnent of vehicles to specific
passenger trips may need to be changed as the day proceeds to
respond to these concerns. This is the function of the vendor
di spat chers.

Wth the advent of the AVL system and the provision of renote
access to the dispatch software in the van vendor dispatch offices,
there is a significant difference between the way in which van and
taxi vendors dispatch vehicles. The van vendors are now operating
fully dedicated fleets, while the taxi vendors serve both OUTREACH
and other clients with the sane vehicles. However, the van vendors
are currently allowed to use vehicles dedicated to OQUTREACH to
serve other clients if there is a window of 45 mnutes or nmore in
t he OUTREACH schedul e.

At the start of each day, the taxi dispatchers take the
vehicle trip plan generated by OUTREACH and assign it to specific

vehicles and drivers. They may also identify changes that better
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suit their other commtnents, as well as driver preferences,
vehicle availability, and their judgement as to the efficiency of
particular multiple trips. For exanple, they may decide to conbine
passenger trips that the trip scheduling software suggested shoul d
be served by separate vehicle trips or split a nultiple trip into
two or nore separate trips. However, OUTREACH is supposed to agree
with such changes before a nodified plan is given to the drivers.

As the day proceeds and problens or changes occur, the
di spatchers reallocate the trips between vehicles, commrunicating
with the drivers by voice radio. It should benoted that these
di spat ching decisions do not generally involve OUTREACH personnel .
Wien clients notify OUTREACH of a change in their trips
(cancel lation, revised tinme or new trip), OUTREACH communi cates

these changes to the vendor's dispatcher

Qut put

The Phase 1 system generated two distinct outputs. The first
was the availability of a digital map display to OUTREACH tel ephone
schedulers while they were arranging a trip reservation with a
client, and the geocoding of addresses into map coordinates
(latitude and longitude) for later use by the routing and
scheduling software. The second was the assignment of client trips
to vehicles and the devel opnent of a sequence of pick-ups and drop-
offs for each vehicle.

In the case of casual rides, the assignment of the client trip
to a vehicle is performed during the trip request telephone call,
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and thus pick-up and drop-off times can be given to the client at
the tine based on a viable assignment of trips to available
vehi cl es.

The geocoded pick-up and drop-off |ocations are automatically
inserted into the trip record. The digital map display allows the
t el ephone schedulers to determne the coordinates of |ocations that
cannot be autonmatically geocoded fromthe address or description.
Its distance calculation function can also be used to check
di stances between | ocations when auditing vendor fare reports or
adjusting calculated fares for operational changes (such as the
cancel lation of part of a nultiple trip).

The output of the ATSS software replaced the trip assignnent
reports previously generated manually, and followed a simlar
format, as shown in Figures 2.4 and 2.5. Thus the two principal
effects on the system performance woul d be any change in the number
of nultiple rides as a result of the new assignment procedure, and
the elimnation of the need for OUTREACH personnel to perform a
manual assignnent of client trips into shared rides.

Phase 2 system output consists of three elenents. The first
Is the display of client ride information on the Echo XL MDT in
each of the equipped vans. Typically the next six events (pick-ups
or drop-offs) are presented in time order. As each is conpleted,
it is removed fromthe display and the details of the next event to
be added to the list, including the client name, |ocation address,

schedul ed event time and other information, is sent to the display.
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Figure 2-4

Page 190

BINS

BYF O

MAIN

Typi cal Vehicle Ride Log
D 3 (Taxi) vehicle Number: 800 shift
Ride # client Name ID# Sponsor| transportation Details
Time Adress Telephone Time Address
Multi# unit city Unit City
Seq Location Name Mobility Seq Location Name
Fare Remarks Codes Remarks
123407 PickU 134533 GO TO THE DOOR/HELP drop0
08:30 HILMAR ST (408) CANE/QUAD CANE 08:34 22 WASHINGTON ST
SANTA CLARA WALKER SANTA CLARA
1 P C AWST 2 HIROLOS BEAUTY/22 WA
$ 3.00 RESIDENCE 1 22 WASHINGTON ST 2412578
e ==DIVER
122806 pickU 131594 BLIND/VISUALLY IMPAIRED Drop
08:55 CRESCENT AVE (408) WHITE CANE 09:40 795 Willow RD
SUNNYVALE B3318 Menlo PARK
3 P C AWST 4 VA HOSP/795 WILLOW
$20.63 PUIN LOBBY 1 795.WILLOW/BLD 331
*** DRIVER
122215 pickU 112601 TAKE CLIENT INSIDE Dropg
08:59 SLOAT CT (408) 09:4 300 PASTEUR DR
SANTA CLARA CO TO THE DOOR/HELP PALO ALTO
P C AWST 6 STANFORD HOSPITAL
$ 3026 2964682 11 300 PASTEUR DR/ENTR
*** DRIVER
123237 PlckU 120283 SPEECH DEFECT Dro 8
09:38 N SAN TOMAS AQUINO RO (408) GO TO THE DOOR/HELP 09:% 751S BASCOM AVE
CAMPBELL SAN JOSE
7 P C AWST 8 VHC HOSPITAL/751 S
$ a.29 PU OUTSIDE NEAR DRIVEWAY 1 751 S BASCOM AVE/OLD
“* DRIVER
123121 pickU 115399 WHEELCHAIR DropQ
10:00 WINCHESTER BLVD (408) 10:13 225 N BASCOM AE
CAMPBELL SAN JOSE
9 P C AWST 10
7.26 1 BISCHOFFS /MEDICAL SUPPLIES
*** DRIVER
123448 pickU 127,073 GO TO THE DOOR/HELP DropQ
10:15 S BASCOM AVE (408) MAXIMUM ASSIST 10:23 3333 s BASCOM AVE
CAMPBELL CANE/QUAD CANE SAN JOSE
1 P C AWST WHEELCHAIR 12
S 36 1 THERAPY/3698080
e *™DRIVER

P = Personal Care Attendant, C = Companion A = Ambulatory, W = Wheelchair, S= Scooter, T= Transferable



Typical Vendor Ride Log for All Vehicles

» *
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Figure 2-5

LOG IN PICKUP SEQUENCE

ID# Sponsor* Transportation Details
Telephone
*
Mobility *
Codes *
134273

BLIND/VISUALLY IMPAI
CANE/QUAD CANE

(408) - Q
GO TO THE DOOR/HELP

PC AwWST
b

132366 GO TO THE DOOR/HELP

(408) "R - NN
PC AWST
1

®
*Tima * Address
* * Unit City

* Location Name
* Remarks

D/0
08:28 2725 EL CAMINO REAL
SANTA CLARA

2725 EL CAMINO REAL 29686

D/
07:56 820 W MC KINLEY AVE
SUNNYVALE

SUNN SR CTR 7307360

-—ae

A n s e s A s e A c e e A n s o e o = R R R o e e e T e S R R R R A MR MR A AR M MmN G U R R R AR R R D R R B AP S U S M A W o e e WD YD Y S P G P @ E e

Date: 7/19/95 UNITED CAB COMPANY
Ridef#f +* * Client Name
Veh# *Time * Address
Multi# * * Unit City
* Seq * Location Name
Fare * + Remarks
12137 P/U o
801 08:15 — ESTELLA DR
719204 SANTA CLARA
NEW ADDRESS”***
#** DRIVER
12170 P/U NS,
802 07:4) ya8 TASMAN DR
SP459 SUNNYVALE
S. 8\ 59 ADOBE WELLS MHP
* Rk DRI
12040 P/U CRNEE, TNY.
800 08:15 G LAFAYETTE WAY
SANTA CLARA
23.16
+++ DRIVER
12164 P/U VR, W
803 08: RUSTIC DR
719210 SANTA CLARA
1
*++ DRIVER
11084 P/U GS, GUNEN.
803 08:33 NS LU ANNE DR
719210 CAMPBELL
*** DRIVER z q
11778 P/U SRR,
803 08:53 GEER BOWERS AVE
719210 SANTA CLARA
4

*+* DRIVER

107933
(408) pm - NN

PC AWST
1

BLIND/VISUALLY IMPAI
CANE/QUAD CANE

104177
(408) " - o—

PC AWST
1

GO TO THE DOOR/HELP
MAXIMUM ASSIST
DEAF/HEARING IMPAIRE

121580
(408) qum-vS

PC AWST
1

119376 T
(408) cae-S—l

PC AWST
1

BLIND/VISUALLY IMPAI
CANE/QUAD CANE
SPANISH SPEAKING

D/0
09:07 6830 VIA DEL ORO
100 SAN JOSE

DR DEVINE 2246991

D/0
08:46 2760 HOMESTEAD RD
SANTA CLARA

2760 HOMESTEAD RD

D/0
09:30 3952 TWILIGHT DR
SAN JOSE

7

COMM CENTER HOGUE PARK
D/0
09:12 101 N BASCOM AVE
SAN JOSE
6

101 N BASCOM AVE 2954016



The second el enent is the dispatch display show ng the current
status of the client trips for a specific vehicle. As the driver
i ndi cates that each event has been conpleted, by clearing the event
information fromthe MDOT display, this tine is recorded by the AVL
system and added to the dispatch display, as shown in Figure 2.6.
This provides the dispatchers with a continuously updated report on
the progress of each vehicle. Since the dispatch display is sinmply
one screen on the ATSS display options, the vendor dispatchers have
access to the full trip booking data, as shown in Figure 2.7.

The third elenment is the StarView display, show ng the current
| ocation of each equipped vehicle on a map of the region. Unlike
t he dispatch display, which only shows the |ast event, the StarView
di splay shows the |ocation of the vehicle at the last AVL polling
cycle, typically within the last mnute.

The information on pick-up and drop-off arrival and conpletion
tinmes obtained fromthe AVL system when the driver presses the
rel evant button on the MDT is added to the vehicle trip database.
These tines are subsequently used to generate Vehicle Schedul e
Adherence reports, as shown in Figure 2.8. These reports show the
schedul ed sequence of events for a specific vehicle shift and the
actual times these events were performed. The nunber of events
that were nore than 15 mnutes late and those nore than 45 mnutes
| ate are noted. These reports are used by QUTREACH to nonitor
driver performance and schedul e adherence, as well as vendor
conpliance with the requirements for dedicated vehicles. They are

al so useful when investigating client conplaints.
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Figure 2-6

ATSS Dispatch Screen Showing Event Completion Times

User Zones Client Book Schedule Dispatch Monitor Reports  Thu OCT/10/96 1211

Vehicle : OCT/09/96
l Veh Client Location City PriT MDTt Time Act  Shift
$07 111017 PARK AVE SAN 951 935 951 IPS507
507 144700 S 24TH ST SAN 1003 946 1003 ¢ IPS507
507 144700 2400 MOORPARK AVE SAN 1025 1000 1025 ¢ IPS507
507 144873 VMC HOSPITAL/751 S SAN 1100 1051@ 1100 ¢ IPS507
507 1441868 OAKLAND RD SAN 1120 1126 1120 ¢ IPSS07
507 144873 DAVID AVE SAN 1143 1146 1143 ¢ IPSS507
$07 118121 PAYNE AVE SAN 1157 1157 1157 ¢ IPS507
507 144188 1601 CIVIC CNTR DR SAN 1216 1216 ¢ IPSS07
507 118121 3331 N 1ST ST SJ SAN 1233 1233 + IPS507
507 145389 N 3RD ST SAN 1258 1258 ¢ IPS507
507 145389 SAN JOSE MED CENTER SAN 1306 1306 ¢ IPS507
S07 145622 @ MERIDIAN AVE SAN 1330 1330 ¢ IPS507
507 145622 S BASCOM DIALYSIS 10S 1345 1345 ¢ IPSS07
507 142229 CASA MACSA SAN 1430 1430 ¢ IPS507
507 142229 FOREST AVE SAN 1457 1457 IPS507

(s )

Figure 2-7

Typical Client Trip Data Available from Dispatch Screen

'User Zones Client Book Schedule Dispatch Monitor Reports Wed OCT/09/96 1434

Veh

Clien

jso7
507
507
507
507
507
507
507
507
507
507
507
507
507

14470
14487
l4418
14487
11812
14418
11812
14538
14538
14562
14562
14222
14222
IPS50

T
FStreet OAKLAND RD
FSt# E 3
FCity SAN JOSE
FRemark SOUTH BAY MHP

FUnit# Wl

TStreet 1601 CIVIC CNTR DR
TUnit# 1

TSt# 0
TCity SANTA CLARA

TRemark AID CNTR OF SC 9851243

ServiceFX From Date To Date
S05 OoCT/09/96 OCT/09/96

PUTime DOTime 1250

#P 0 #C 0O #A 1 #W O

#s 0

View Booking Data
L

1WAY

ClientID 144188

FLat 37370721
FLong 121893085
Fdist CIVI

Tdist METR
TLat 37353353
TLong 121955840

BNum 476827

SMTWTFS Multi# 1009020
0000000 NoShow

Early 30 Late 0 UseEL Y

#T 0

Load 0 UseL Y

Screen 1/3




Figure 2-8

Typi cal Vehicle Schedul e Adherence Report

Vehicle Schedule Adherence for Vehicle: 202 on: 961 028 ShiftM W2015A

ClientlD Street Address/Location

MW?20I5A MV Transportation

120509 3286 MARTEN AVE
120509 VA HOSP/795 WILLOW

113793. 2940 RUSTIC DR

132813 792 LOS PADRES BLVD
113793 LIVE OAK/PAYNE AVE
132813 LIVE OAKPAYNE AVE
107209 400 W RINCON AVE
107209 VALLEY HEALTH/750 S

122193 4621 MIACIR

143035 1711 MERIDIAN AVE

122193 25 N 14TH ST

143035 2982 MARY CAROLINE CT
122367 220 NWHITERD

122367 EAST VALLEY CLINIC
118568 1489 LITTLE ORCHARD ST
134221 549 LELAND AVE

118568 VMC HOSPITAL/751 S

134221 2221 ENBORG LN
MW2015A MYV Transportation

Total number of events
Total nymber A actual times
Total number of lates (triple)

Percent Late

18
18
0(0)

0.0

Sched

6:11
6:30
7:10
8:42
9:15
931
9:33
10:18
10:30
11:00
11:21
11:34
11:45
12:19
12:30
13:.07
13:23
1330
13:37
14:00

Arrive  Complete

6:27
7:09
8:24
9:07
9:33
9:34
9:59
10:34
11;07
11:27

11:53
12:07
12:23
12:59
13:24
13:35
13:42

6:31
7:15
8:32
9:18
9:42
9:43
10:12
10:36
1111
11:32
11:11
11:55
12:13
12:25

13:13.

13:28
13:38
13:43

UU'U'UU'UUU'U'UU'UUU'U'UU'U

N/S

N/S



The overall vendor performance for a given day is sumarized
in a Vendor On-time Performance report, as shown in Figure 2.9.

Simlar reports are also prepared on a nonthly basis.

ATSS FUNCTI ONALI TY ANALYSI S

This section exam nes how well the inplementation of the DGD
and ATSS has net the functional goals of the denonstration project.
These goals include enabling OUTREACH to handle a steadily
increasing volunme of rides, while inproving the efficiency with

which these trips are assigned to vehicles.

System Perfornmance Measures

The performance of the ATSS and supporting DG can be measured
in a nunber of ways that reflect the project's goals; for exanple:
reduction in the cost of service provision; and inprovenent in the
service provided to OQUTREACH clients.

One neasure of the first goal is the nunber of shared rides.
However, the cost savings from increasing the percent of shared
rides wll depend on the additional vehicle travel involved in
combining trips. This in turn will depend on how well the trip
multiples are put together. Furthermore, the reduction in the
nunber of vehicle-trips can conceivably result in increases in the
tine that some clients spend on board the vehicle.

Thus the extent to which the ATSS has inproved the assignment
of trips to vehicles nust consider the service provided to the

clients, as well as the effect on the costs paid by QOUTREACH It
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Figure 2-9
Typi cal Vendor On-Tinme Performance Report

Vendor On Time Performance for MVT on 961028

Shift ID # Events  # With Actual # Lates # Triple  Percent Late
Times Lates
MW2015A 18 18 0 0 0.0
MW2016A 21 20 1 0 5.0
MW2022A 17 15 1 0 6.7
MW2023A 16 16 0 0 0.0
MW2294A 18 17 0 0 0.0
MW2301A 22 21 | 0 4.8

Total 112 107 3 0 2.8



shoul d al so consider the inpact on the vehicle vendors, in terms of
vehicle utilization and deadheadi ng. Wi | e OUTREACH does not
directly conpensate the vendors for these costs, in the long run
they can affect what the vendors are willing to bid to provide
service to OUTREACH

These issues are examned in nore detail in the cost and
productivity analysis (chapter three). Qher performance measures,
such as equipnent reliability and ease of use, reflect both the
cost of OUTREACH operations and the quality of the service provided
to its clients. Equipnent failure involves repair costs and may
degrade the service experienced by clients. It may also require
additional staff tine to fix the problem and restore |ost data.
Ease of use affects staff productivity and training requirenents.

This section exam nes the follow ng performance nmeasures:
system reliability, ease of wuse; effectiveness of the trip
assignnent algorithm and support staff requirenments. The third
nmeasure deserves some discussion. Since devel oping a reasonabl e
vehicle trip plan froma given set of trip requests involves making
trade-offs between the costs of providing the service and the
quality of the service provided, it is not possible to define an
"optimal" plan against which others can be conpared. Rather it is
necessary to conpare any particular plan with other viable plans
that could be generated to serve the same trip requests, on the
basis of the range of relevant criteria.

Wiile the ATSS elimnated the need to manual ly assign trips,
and may have inproved the productivity of OUTREACH t el ephone
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schedul ers and other staff, the introduction of a sophisticated
automat ed system created a need for additional technical support

staff.

System Reliability

Wth the inplenentation of the ATSS, OUTREACH is totally
dependent on the systemto nanage the client ride requests and
generate the vehicle trip plans. Therefore systemreliability is

essential to allow OQUTREACH to function effectively.

Syst em Har dwar e

No particular problens have been experienced to date with the
various conputers supporting the ATSS. The primary file server has
been designed with a redundant file systemwth nultiple disk
drives that can be replaced wthout shutting down the system

The client-server architecture puts relatively small demand on
the Ethernet network, and routine tests have shown that it is far
from saturation, even at busy periods. The principal bottleneck is
the ATSS server, which has to analyze each new trip to determne
where it can best be inserted. By the summer of 1996 OUTREACH
technical staff believed that they were approaching the limt on
the single server, with systemresponse starting to slow when ride
requests approached 1,500 per day. They felt that this problemcan
be solved fairly easily by adding nore servers, and have recently
acquired a second server. The workl oad can be easily divided

between the servers by using each to handle different days.
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Sof t war e

Significant problens were encountered integrating the ATSS
software into the existing conputer systens. The system as
pur chased needed to be custom zed to integrate with the |PBS
running on the AS/400 and add features required by OUTREACH  Not
all these features had been fully tested by the tine the system
becane operational, and the first few weeks were spent fixing
probl ems as they surfaced.

Particular difficulties were experienced wth address
geocoding on the AS/ 400 system and transferring data between the
AS/ 400 and ATSS software. Some of this can be attributed to errors
by the tel ephone schedulers, but there were also software bugs in
linking the ATSS to the existing systems. In turn, incorrect or
m ssing coordinates resulted in problems with building mltiples.

OQher difficulties with formng nultiples resulted fromthe
need to establish paranmeter weights for the trip assignment
objective function. These were adjusted by trial and error unti
they gave reasonable results. However, this process contributed to

vendor frustration with the initial results.

Ease of Use

The introduction of the DG changed the way the tel ephone
schedulers entered geographical information into client trip
requests. Before the DG, addresses were coded into a half-mle
grid system that was used to conpute trip lengths. \Wile grid

references for client honme addresses and common destinations were
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indexed in the system schedulers had to [ ook up the grid reference
to | ess conmon destinations in a code book or froma map and enter
them during the telephone call. Wth the DG, nost addresses are
automatical ly geocoded, either by selecting a common destination
froma nmenu or entering the address. \ere it is necessary to
identify a location on the map, the QOUTREACH tel ephone schedul er
can open a map W ndow on the term nal and mani pul ate the nap
di spl ay.

Map display functions include positioning and sizing a zoom
box on the display, and then changing the display (zoom ng) to that
area of the map. The area displayed may also be shifted laterally
and vertically (panning). The nmouse may be used to pin-point
streets or intersections on the map. A list of street names can be
di spl ayed, a particular street selected and then highlighted on the
map. The map functions also allow a systemof rectangular zones to
be defined and displayed, including a street level detail of a
selected zone. Speeds can be assigned to each zone by tine of day.
A cal culation function determ nes the distance between two sel ected
points, wusing the above-nentioned distance cal culation methods

Operation of the ATSS software involves no particular ease of
use issues. This contrasts with the previous sem -automatic
system which involved a great deal of know edge of the region and

judgenent on the part of the personnel building the multiples.

Learni ng Curve

As with any new system it could be expected that the initia
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performance would increase over time, as the inplenentation
probl ems were worked out and the staff became famliar with the
system An analysis was perforned of several performance
indicators for the period followng the inplementation of the ATSS

For the two weeks before the ATSS deployment, trip requests
were entered into both the existing and new systens, in case of
maj or problens or failures. However, the disruption caused by the
additional work involved in this duplication was so great that it
was di scontinued after a few days' experience with the new system

Most of the performance indicators showed significant
I mprovement during the first week, and had reached a reasonably
stable | evel by early March 1995. The frequency of m ssing
information in the vehicle trip logs reduced as software errors
were fixed, the nunber of poor trip nultiples that had to be
corrected by hand dropped as the geocoding problems were solved and
the scheduling paraneters adjusted, and the frequency of problens
with the calculated fares declined as software changes were made
and the multiples inproved.

Interviews with OUTREACH s tel ephone schedul ers reveal ed that
full proficiency with the ATSS was achieved within six nmonths, by
which tinme the ATSS was reportedly as easy to use as the previous

schedul i ng system

Trip Assignnent
The assignment al gorithm paraneter weights given in Table 2.2

inply that a client trip will be inserted into an existing vehicle

60



trip, rather than served with a new vehicle trip, 1if the
deadheadi ng involved in a new vehicle trip (single ride) is greater
than the disturbance to the existing trip. This disturbance is
measured as the additional weighted distance and travel tine of the
vehicle, plus the additional weighted travel tine of the passengers
already on board. Passenger tinme is weighted at one fifth of the
vehicle time, while at an average speed of 20 nph (the speed
assuned for nost of the day) distance is weighted one third greater
than the actual driving time. Both vehicle and passenger travel
time include time spent |oading and unl oading.

This inplies that the marginal value of passenger time is
about one tenth the value of vehicle tinme. O course, the benefits
of reduced passenger travel tinme do not accrue to OUTREACH, while
the costs of additional vehicle trips may ultinmately do.

There appears to be no theoretical basis for selecting
particul ar parameter values, and OUTREACH relied initially on the
advice of the ATSS software vendor, based on val ues that had worked
wel | el sewhere. These values were then nodified several times on

the basis of the experience with the resulting trip assignments.

AVL FUNCTI ONALI TY ANALYSI S

The inplenentation of the AVL equi pment on the accessible van
fleet has significantly inproved the ability of OUTREACH to nonitor
the operation of these vehicles and enhanced the coordination
bet ween the QUTREACH and vendor dispatchers. By providing OUTREACH

with a database of actual arrival and conpletion tines for every
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event in the vehicle trip plan for each day, the system all ows
OUTREACH to review the accuracy of travel time assunptions and tine
al | onances for pick-ups and drop-offs, as well as nmonitor vendors
and their drivers for conformance to the trip plan and service
standards. This database also provides a basis for investigating

client conplaints.

System Reliability

The accuracy of the differential GPS is much greater than
strictly necessary to track the location of each van, which really
only needs to be known to the nearest street segnent.
Communi cation between a vehicle and the base station is sonetines
| ost tenporarily when the vehicle is in a radio shadow fromthe
repeater tower. Therefore each nessage is sent tw ce on successive
pol ling cycles.

Wi le the tinme at which the drivers indicate that they have
arrived at a location or conpleted an event are accurately recorded
by the system there is of course no assurance that they push the
relevant button at the tinme in question. Cbservations of actual
van operations showed that, particularly when drivers are behind
schedule, they will sometines becone so busy |oading and unl oading
clients that they forget to indicate their arrival or conpletion of
the event. Later they will realize this and then send the event
conpl ete message in order to download the next event to be added to
the list, resulting in an erroneous event tine. It woul d be

possible to programthe systemto record the actual tine at each
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event |ocation, based on the GPS position, but this is not
currently done.

A related problem arises when there are several clients on a
vehicle for pick-up or drop-off at the same |ocation (e.g. a senior
center). Each of these client pick-ups or drop-offs is a separate
event. However, the driver has to indicate the previous event has
been conpleted and clear it fromthe MDT |ist before the arrival
message for the next event can be sent. Thus typically what wll
happen is that the arrival nessage for the first event will be sent
upon arrival, then the conpletion message for that event and the
arrival and conpletion nessages for the other events at that
| ocation will be sent in quick succession after all the clients
have been boarded or unloaded. This gives msleading data on the
time to |load or unload each client, as well as the travel tines
involved. Again, it would be possible to programthe systemto
recogni ze multiple events at the sane |ocation and adjust the times
accordingly, but this is not currently done.

Both problems are usually fairly obvious in the Vehicle
Schedul e Adherence reports, and can be corrected by anyone

anal yzing these data.

Ease of Use

The systemis fully automatic apart fromthe actions required
by the drivers to indicate arrival and conpletion tines. Upon
starting their shift the drivers sign on using a button on the M.

This causes the first six event nessages to be downl oaded. After
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acknow edgi ng that they have received each one, they can start
their trip. The MOT warmup and initial download of client data
takes about 90 seconds, although this usually takes place during
other van preparation procedures. Adj ustment of the conputer
screen, acknow edging receipt of data for each event, and conparing
the information with the hard copy run sheet takes about 5 m nutes
on average.

The vendors still require the drivers to record odoneter
readi ngs and actual tine of arrival on the hard copy run sheets.
Sone vendor dispatchers require the drivers to radio base for the
official arrival time, while others accept the tines generated by
the AVL system In fact the AVL tinme is likely to be nore
accurate, as radio calls can be delayed by other radio traffic.

The hard copy run sheets provide the drivers with an overview
of their entire shift, whereas the MDT provides the pick-up and
drop-off information six events at a tine. Seeing the entire shift
makes it easier to identify difficult or illogical sequences of
events, allowing the driver an opportunity to request a nodified
sequence. It also provides a way to record changes in the plan,
such as adding an unschedul ed pick-up or the transfer of a client
to another vehicle. In general, it is difficult or inpossible to
incorporate this type of change into the MOT |ist once the event

i nformati on has been downl oaded.

Accuracy of Vehicle Location Display

The current system provides three methods for displaying the
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| ocation of a given vehicle. The nost precise is the StarView
di splay, which shows the |ocation of each vehicle at the nost
recent AVL polling cycle as an icon superinposed on a map of the
region. The location information is accurate to a reported 2 to 5
meters, and each vehicle is polled two to three tines per mnute.

At the next level of detail, the tabular dispatch displays give the
position of each vehicle in terns of their distance and direction
fromstreet intersections or other |andmarks. The |east precise is
the ATSS dispatch display, which shows the time at which the nost
recent event was conpleted, and thus by inference the approxinate
position of the vehicle (between the location of the |ast event and
next).

Currently only OUTREACH has a StarView display, while OUTREACH
and the Santa Clara County Transit District have tabular dispatch
display termnals. The vendors only have termnals show ng the
ATSS dispatch display. OUTREACH is working with the ATSS software
vendor to develop a nodification that would allow the |atest
position of each AVL equi pped vehicle to be shown on the ATSS map
display. This would allow the vendor dispatchers direct access to
this information without the need for any further conmunication or

di splay equi pment at the vendor dispatch offices.

SUPPORT STAFF REQUI REMENTS
The operation of a technically sophisticated vehicle tracking
and trip scheduling system involving nmultiple conputers and

anci |l lary equi pnent communi cating with each other on a real-tine
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basis, creates a need for appropriately experienced support staff.
One cannot expect to sinply set up the equipnent, turn it on, walk
away, and have it continue to operate smoothly nonth after nonth
In the case of QOUTREACH, this was further conplicated by the need
to integrate the ATSS with pre-existing reservation and accounting
systens. Also, the architecture of the entire ATSS/AVL system
evol ved progressively over a period of alnost two years. The
design of the AVL system evol ved even after the ATSS had reached
full functionality, in order to take advantage of newer equi pnent
offered by the AVL suppliers.

OUTREACH was fortunate to be able to hire a system devel opnent
engi neer who had worked for the supplier of the ATSS software, and
thus was both famliar with the software and its integration into
other systems. Additional technical support was al so donated by
the suppliers of the AVL and conmmunications systens. In a
situation where these functions are provided by the system
suppliers as part of a turn-key contract, it is inportant to make
provision for training support staff who will nmaintain the system
once it is operational. |f the support staff are also provided by
contract, and are not routinely on site, the design of the system
needs to preserve as nuch functionality as possible if individua
conponents fail, so that sone |evel of service can be provided to

clients and vendors while waiting for problems to be fixed.

66



CHAPTER THREE
COST AND PRODUCTIVITY | MPACTS OF ATSS

This chapter describes the evaluation of the inmpacts of the
ATSS on the productivity of OUTREACH s paratransit operation during
the first year of ATSS operation. A period before the ATSS
depl oyment, termed the before-ATSS period, covered 18 nonths. A
period after the ATSS deployment, ternmed the after-ATSS period,
covered 12 nonths.

This chapter proceeds as follows: The next section presents
the evaluation framework. This is followed by the inpacts of the
ATSS on: OUTREACH s workforce productivity, costs, vehicle

productivity, and custoner service quality.

EVALUATI ON FRAMVEWORK

The productivity of a paratransit system is usually neasured
by rel ationships between the outputs and inputs of a system (system
efficiency), as well as relationships between system outputs and

consunption of the outputs (system effectiveness).

System I nput and Qut put
Three kinds of input were examned. The first is the nmonetary

resource (the costs of providing the paratransit service), which is

67



rei mbursed to OUTREACH by the SCVTA, cities in Santa Clara County,
and other sponsoring organizations. The second type of input is
OUTREACH staff resources needed to perform various functions of the
paratransit operation. The third type of input is the vehicle
resources (supplied by the vendors under contract wth OUTREACH).

System out puts exam ned include vehicle revenue mles and

vehi cl e deadheading m |l es.

Consunption of Qutputs
Consunption of system outputs exam ned includes the nunmber of

passenger trips (the nunber of one-way trips) and passenger mles.

Productivity Measures

Productivity measures include: cost-effectiveness (the ratio
bet ween nonetary inputs and consunption), work force productivity
(the ratio between OUTREACH staff resources and outputs or
consunption), and vehicle productivity (the ratio of vehicle inputs

and outputs or consunption).

Custoner Service Quality

The inputs, outputs, consunption, and productivity neasures
descri bed above do not adequately account for the quality of
service. Mny trade-offs between productivity and service quality
frequently affect the |evel of productivity actually achieved by
paratransit systems. Service quality attributes exam ned include:

vehicle on-time performance, client in-vehicle travel tines, and
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the ease of clients making trip reservations.

Dat a Sour ces

Data for the evaluation were obtained fromthree primary
sources. The first was the OUTREACH s operational database, where
cost and performance data were available quarterly or nonthly.
Second, we collected data not available from OUTREACH s dat abase
using an observer on-board a sanple of vehicles to record
information such as: vehicle deadheading, vehicle occupancy, and
passenger travel times. Third, we interviewed OUTREACH s staff as
wel | as the personnel of the taxi and van conpani es.

As previously nentioned in Chapter (ne, the ATSS

I npl enentation occurred amdst a period of sharp ridership growh.

Passenger trips, passenger mles, and passenger trip lengths all
I ncreased substantially since 1993 and through the after-ATSS
period. For exanple, the nunber of passenger trips increased by
al nost 50% between July 1993 and March 1996. This raises severa

I mportant questions about the inpacts of the ATSS on OUTREACH s
operation; for exanple:

0 Whet her the ATSS was the critical factor that has enabled
QUTREACH to accommodate the sharp growh in the
paratransit demand.

0 Whet her the ATSS al | owed OUTREACH to serve the increased
demand nore cost-effectively.

The evaluation results are presented below. A glossary of the

terms used in this chapter is shown in Table 3.1.
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TABLE 3.1 GLOSSARY OF TERMS USED

ACTI VE CLIENTS - Registered OQUTREACH clients who have
taken rides on QUTREACH s paratransit systemwthin a
certain period of time (e.g. one nonth).

ADM NI STRATI VE COSTS - OQUTREACH s costs of providing on-

oing admnistrative support for their paratransit
8pergtion. Includes tel ephone, admi nistrative equi pment,
and office supplies costs.

AUTOMATED TRI P SCHEDULI NG SYSTEM (ATSS) - Refers to the
hardware, software, and functional capabilities of the
advanced trip reservation and optimzation system
| npl ement ed by OUTREACH under the Smart Paratransit
Denonstration Program Except when stated otherw se,
"ATSS' includes the Digital Geographic Database.

COMPUTER MAINTENANCE COSTS - (On-going costs of
mai nt ai ni n% OUTREACH S conputer systens. |ncludes regul ar
servicing by outside contractors.

DI G TAL GEOGRAPHI C DATABASE (DGD) - Digital nmap file
containing street and geographic i nformation of Santa
Clara County.

| NTEGRATED PARATRANSIT  BUSINESS  SYSTEM (I PBS) -
Conput eri zed business systeminstalled by OUTREACH for
internal record keeping and management use. Also referred
to as Managenent Information System (MS).

ON- BOARD OBSERVATI ONS - Data col | ection technique where
a sanple of vehicle trips were observed by an on-board
observer. Vehicle itineraries, vehicle occupancies, and
passenger travel times were recorded.

PASSENGERS - All registered (ADA eli%iAbI e) clients using
the transportation services of OUTREACH. Passengers do
not include conpanions and personal care, attendants
acgonp.anyl ng REACH clients, except where stated
ot her wi se.

PASSENGER M LES - The nunber of one-way mles travelled
by passengers on board QUTREACH vehicles. Passenger mles
are estimted based on the shortest path distance between
the origin and destination of a trip, regardl ess of the
actual route followed by a vehicle when the trip is nade.
Passenger mles does not include circuity added by nmaking
I nternediate stops when ridesharing occurs. (Subsequent
to the current analysis OUTREACH s operational definition
of 'Passenger Mles' was changed to reflect trip
di stances follow ng the vehicle path).




TABLE 3.1 GLOSSARY OF TERMS USED (continue)

PASSENGER TRI PS - The nunber of one-way trips. made by
QutrReACH cl i ents on-board OUTREACH vendors' vehicles.

REG STERED CLIENTS - Cients who are registered as
eligible for ADA paratransit service and have
successful |y conpleted the application process for
QUTREACH servi ce.

SHARED RIDE - If at any tine during a person's trip,
anot her person (i.e. other clienfs, conpanions or
personal attendants) is also on the vehicle, the tripis
counted as a shared ride. The trip of a conpanion and of
a care attendant is always counted as a shared ride.

TRANPORTATI ON OPERATI NG COSTS - Direct costs of providin
transportation to OUTREACH clients. Consists mainly o
paynments nmade to vendors for transportation services
provi ded. Also includes vehicle operations and
ggégtenance costs for the period July through Cctober

TRI P LENGTH - The avera?e distance of trips requested to
be taken by QUTREACH clients. It does not reflect the
actual nunber of miles travel |l ed on-board a vehicle, but
the direct origin-destination distance. Average trip
| engths are conmputed as the ratio of passenger nmiles to
passenger trips.

TRI'P RATE - The average nunber of passenger trips taken
by active QUTREACH clients on REACH paratransit
vehicles, over a period of tine. Calculated as the ratio
of passenger trips to active clients.

VEH CLE OPERATI ONS AND MAI NTENANCE COSTS - Qperating
costs incurred by OUTREACH when they were operating their
own van fleet (through Cctober 1993). Includes fuel,
| ubrication and vehicle nmaintenance. This cost is
|nﬁluded In transportation operating costs for this
anal ysi s.

VEH CLE DEADHEADI NG - Distance travelled by paratransit
vehicles while serving OUTREACH clients, ~ put mﬁ‘ . no
QOUTREACH passengers on board, for instance travelling

enpty froma drop-off to the next pickup |ocation

VEH CLE REVENUE M LES - D stancetravel
C

, \ | ed by paratransit
vehicles with one or nmore OUTREACH

I ents on board.




TABLE 3.1 GLOSSARY OF TERMS USED (conti nue)

VEH CLE TRIP - A vehicle trip starts when an enpty
vehicle starts noving towards a passenger's pickup
| ocation (in deadheading), and ends when the vehicle is
enpty again after delivering that passenger and all other
passengers picked up.

VENDOR PAYMENTS - Payments made by OUTREACH to
transportation vendors, for transportation provided for
QUTREACH s clients.




| MPACTS OF ATSS ON OUTREACH S WORKFORCE

The analysis of the ATSS's inmpacts on OUTREACH s workforce
used data fromthe interviews and |ogs of telephone scheduling
activity. Interviews were conducted about four nonths before the
ATSS inplenentation, during the ATSS inplenentation, and up to 18
months after the ATSS inplementation

Change in OQUTREACH s Wor kf orce

Interviews with OUTREACH personnel before the ATSS
I npl enentation reveal ed that OUTREACH tel ephone schedulers, in
particular, were operating at (or near) capacity. The nunber of
avai | abl e tel ephone schedul ers had been perceived by the OQUTREACH s
managenent to be the critical capacity-constraint factor. |n order
for OUTREACH to accommodate a 50% i ncrease in the nunber of
passenger trips in the after-ATSS period w thout changes to any of
its operational procedures, it would have had to increase the
number of enployees very substantially.

As it turned out, the size of OQUTREACH s workforce increased
from22 in the before-ATSS period to 25.5 full-time positions in
the after-ATSS period. The availability of operating funds was a
maj or control factor of the size of OUTREACH s workforce. QUTREACH
faced funding constraints throughout the advanced paratransit
system denmonstration period, with little funds available for hiring
addi ti onal enpl oyees.

The ATSS inplenentation has enabl ed QUTREACH to accommodat e

sharp increases in trip volumes with little change to the size of
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its workforce, and thus its salary expenses. However, the ATSS
depl oyment did require a significant change in the specific skills
required by OUTREACH. OUTREACH enpl oyees can be classified
according to the type of task performed: telephone schedulers,

custoner service staff, hardware operators, managenent information
system (MS) support services, software engineers, and managers.

The nunbers of enployees in each category during the before ATSS
and after ATSS periods are shown in Table 3.2. The ATSS's inpacts

on these personnel categories are as follows:

QUTREACH Tel ephone Schedul ers
Ri de- Booki ng Procedure Before ATSS

In the before-ATSS period, OUTREACH tel ephone schedul ers
perfornmed the follow ng tasks in booking rides:

(a) After answering a call, the telephone schedul er asked for
the client identification nunber or nane of the client and entered
it into the conputer. This brought up the client's personal file.

(b) The telephone schedul er asked the client for the trip
date, the desired pickup tinme and location, and the time of the
client's appointment. Additional information such as acconpanying
passengers or nobility limtations were also obtained

(c) The tel ephone scheduler entered the date into the
conput er. The conputer then checked whether the client was
eligible to nmake the desired trip, as well as checking the nunber
of trips requested during the preceding nonth. If the client's

trip limts would be exceeded, the telephone schedul er was inforned
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TABLE 3.2 CHANGES | N QUTREACH S WORK FORCE
BEFORE AND AFTER ATSS | MPLEMENTATI ON

NUMBER OF EMPLOYEES
JOB DESCRIPTION BEFORE ATSS |[AFTER ATSS
Tel ephone Schedul I ng 10 14.5
Customer Service 3 3

| ardware Operations 1 2

MS Support Services 4 3
Paratransit Software 0 1

Engi neer

Manager i al 4 2
TOTAL 22 25.5




and the trip denied.

(d) The tel ephone schedul er entered the pickup and drop-off
addresses into the conputer. The conputer assigned a grid number to
each address, based on its location on a half-mle grid covering
the service area. |If the conputer did not recognize the address
(i.e. if it had not been entered into the list of comon
origins/destinations maintained in the conputer database), the
t el ephone schedul er had to | ook up the grid nunber on a wall map
and type it in. The conmputer calculated the trip distance and fare
and displayed the information to the tel ephone schedul er.

(e) The tel ephone schedul er cal culated the pickup time, using
a sinple trip-distance fornula as follows: if the trip length was
more than six mles, the pickup time was set at 60 mnutes before
the time of the client's appointment. [f the trip was shorter than
six mles, the pickup tine was set at 45 nminutes before the
client's appointnent time. The tel ephone schedul er entered the
pi ckup tinme into the conputer and conveyed it to the client.

(f) The tel ephone schedul er asked the client if a return trip
was also desired. If the client requested a scheduled return trip,
steps (b) through (e) were repeated for the return trip. If the
client requested an open return trip (i.e. wth an unspecified
pickup time), a pickup time was not entered at the tine when the
t el ephone schedul er booked the ride.

In addition, telephone schedulers also occasionally perforned
the follow ng tasks in the before-ATSS peri od:

Subscription trips. Subscription trips (trips that occur
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regularly the same tinme every week; for exanple: medi cal
treatment every nonday) were booked manually by tel ephone
schedul ers. Once every nonth all subscription trips for the
follow ng month had to be entered into the booking system by a
tel ephone scheduler. This task was estimated to take up two to
four person-days per nonth

Same- day changes. Tel ephone schedul ers also received calls
fromclients wanting to change or cancel their scheduled ride
requests. If the ride was scheduled for that day, then the change
(cancel lation, or change in tine/location) was recorded on a slip
of paper and passed to the person at the returns desk.

Ret urns desk. The tel ephone schedul er at the returns desk

(al so called OUTREACH s dispatcher) was responsible for telephoning
the vendors about all changes on that day's schedul es. Information
wi th cancellations or time/location changes was received fromthe
other schedulers, and the returns desk schedul er telephoned the
vendor with the updated information. Cients who were taking open
return trips and were ready to be picked up also called the returns
desk. This information was al so conveyed to the appropriate taxi

or van vendor by tel ephone.

Ri de Booking Procedure in AFTER-ATSS Period
The ATSS inplenentation has resulted in significant changes in

the procedures used by the tel ephone schedulers to book rides.

They incl ude:
Geocodi ng _of addresses. Wth the ATSS, the telephone

17



schedul er no longer has to | ook up the grid nunber of addresses on
a wall map, if it can not be |located by the conputer. The
| ocations of addresses are now identified by exact latitude and
| ongi tude coordinates automatically calculated by the conputer via
t he DGQD. Wien particular coordinates cannot be found, the
t el ephone schedul er can access several help screens to locate the
address on an on-screen map or on a |list of street names. New
clients' hone addresses are geocoded in advance (i.e., before they
start taking any trips) and the coordinates stored in client files.

In the majority of cases, geocoding is conpleted in a very short
amount of time. On rare occasions, nore time and effort are needed
for geocoding problematic addresses. All telephone schedulers are
trained to handle difficult geocodes.

Conputing travel time. After the geocodes are found and the

schedul er inputs a desired pick-up or arrival time, the ATSS
computes the expected travel tine, and then suggests a pickup time
to the tel ephone scheduler. Therefore, the tel ephone schedul er
does not estimate a pick-up tine with the sinple trip-distance
formula as in the before-ATSS peri od.

Assigning trips to vehicles. In the before-ATSS peri od,

passenger trips were booked but not assigned by OUTREACH to
specific vehicles. Wth the ATSS, a trip is booked and
sinul taneously assigned to a specific vehicle. The ATSS chooses
the vehicle for the trip by means of an optimzation algorithm
considering other trips that have already been assigned. Then, the

ATSS provides a pick-up time to the tel ephone schedul er, who
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conveys it to the client on the phone. The tines assigned by the
ATSS may not be exactly the times requested by the client. The
client may negotiate a different time. This may result in the
t el ephone schedul er asking the ATSS to identify another pick-up
time that is acceptable to the client. This negotiation between
the tel ephone scheduler and the client did not exist in the before-
ATSS period.

Sane- day changes. As in the before-ATSS period, clients cal
t el ephone schedul ers with same-day changes to their trips (e.g.,
cancellations, open returns, or changes in pick-up tines and
| ocations). However, instead of taking this information down on a
slip of paper and passing the information on to the returns desk,
the telephone scheduler sinply inputs the change into the conputer
which is automatically passed on to the returns desk via the |ocal
conmput er network

Subscription trips. Unlike the before-ATSS period,

subscription trips no longer need to be entered by the tel ephone
schedul er every nonth. The ATSS naintains a subscription naster
file, from which subscription trips are automatically booked in
advance. Therefore, the ATSS frees up the tine that tel ephone
schedul ers previously spent on this task.

To summarize, the ATSS has significant inpacts on the
procedures followed by tel ephone schedulers in trip booking.
Streamining of trip booking was achi eved by automating the booking
of subscription trips and by autonmating the transfer of information

on same-day changes. The geocoding of addresses is automated and
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nmore useful than the previous grid location system However, sone
new tasks were created that probably require nore skill, judgment,
and the ATSS know edge on the part of telephone schedulers than
before.  They include: negotiation of pick-up and drop-off tinmes
with clients; and geocoding of exact address |ocations using the

DGD.

Change in Nunber of Tel ephone Schedul ers

The nunber of tel ephone schedul ers enpl oyed by OUTREACH has
increased from10 in the before-ATSS period to 14.5 in the after-
ATSS period (Table 3.2); there is one part-time position. After
t he ATSS becane operational in February 1995, QOUTREACH received
additional funding fromthe SCVTAto hire five additional telephone
schedul ers to cope with sharp increases in the nunmber of trips that

it was experiencing.

QUTREACH Custoner Service Personne
Customer service personnel handle client registration

queries, and problemns. The ATSS provides these personnel wth
clients' ride histories as well as future rides when addressing
clients' queries or problens. These personnel al so advise and
"educate" clients about how the new system performs trip schedul ing
(compared with the old systen), so that clients would understand
and be able to take these new features into consideration when
requesting rides. The nunber of custoner service personnel was the

same in both the before-ATSS and after-ATSS peri ods.
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QUTREACH Har dware Operators

QUTREACH hardware operators include staff involved in day-to-
day operation of the OUTREACH s conputer systenms. Thei r
responsibilities include trouble shooting, regular archiving of
historical data, and overseeing the printing or downl oading of the
daily trip logs that are used by vendors. I n the before-ATSS
period, one full-time enployee was needed for hardware operation
An additional hardware operator was hired in the after-ATSS period,
partly as a result of the ATSS inplenentation. The conmputing
facilities used by OUTREACH expanded significantly in the after-
ATSS period, due to the installation of new servers, work stations
and peripherals needed to support the ATSS. This has called for an
addi tional hardware operator who has a higher |evel of technical
skills on conputer hardware operation

There was another factor not related to the ATSS that m ght
have al so contributed to OUTREACH hiring the additional hardware
operator in the after-ATSS period. Since 1993, QUTREACH has
expanded its service to seven days a week. This requires the
schedul ing systemto operate on weekends, as well as seven-day-a
week oversight of the conputers. The second hardware operator has

made it possible to accommodate all of these.

Paratransit Software Engineer

QUTREACH created a position of software engineer (or
progranmer) specifically as a result of the ATSS inplenentation.

The software engineer perforns the follow ng tasks:
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* Integration of the DG and ATSS with QUTREACH s existing
busi ness nmanagenent system on the AS/ 400 platform this
required famliarity of the ATSS software and know edge
of conputer systens.
Fine-tuning of the ATSS after it becane operational to
make it conpatible wth OUTREACH s operations. The
software engineer specified appropriate weightings of
vehicle distance, vehicle travel tine, and passenger
travel tinme for use in the ATSS's optimzation algorithm
He al so devel oped vehicle scheduling for subscription
trips, taking into consideration driver shifts of varying
| engt hs.

Empl oying a skilled software engineer proved to be the key to
t he denonstration project. Installing the ATSS required major
efforts fromthis software engineer to integrate the ATSS with

OUTREACH s existing AS/ 400 conputer system

Managenment |nformation System (MS) Support Services

M S support services include personnel providing services to
support day-to-day operation of the paratransit system Suppor t
services include adm nistrative and accounting tasks. The nunber
of personnel in this category decreased fromfour in the before-
ATSS period to three in the after-ATSS period. This reduction was
directly related to the ATSS deploynent. By automating scheduling
and vehicle assignnment tasks using the ATSS, QUTREACH was able to

elimnate the need for an enpl oyee who had performed such tasks
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sem -manual |y before the ATSS depl oynent. This resulted in
reorgani zation of the responsibilities of other enployees providing
M S support services. In particular, the follow ng tasks perforned
in the before-ATSS period were no |onger needed after the ATSS

became operati onal

Manual building of shared rides. In the before-ATSS peri od,
one full-time enployee grouped passenger trips with simlar origin
and destination pairs together to form shared rides (terned
mul tiples). This task required a person wth good know edge of the
service area and its road network. Once nmultiples were so
constructed, they were reentered into the conputer to be included
in vehicle trip logs for the next day. It took an average of about
5 mnutes (for an experienced staff nember, with know edge of the
service area) to build each multiple. Therefore, an average of 96
multiples could be built in an S-hour day.

Wth the ATSS, nultiples are now built automatically by the
ATSS sof t war e. Therefore, the OUTREACH enpl oyee who built
mul ti ples manually was no |onger needed, and the position was
elimnated. Because of the expansion of the service area (during
and after the time that the ATSS became operational), it would have
been inpossible for OUTREACH to continue building nultiples
manual ly.  This is because the trip volunme sharply increased, and
the person responsible for this task in the before-ATSS period
coul d not be expected to have good enough know edge of the newy
added service areas for nultiple building purposes.

Accounting tasks on the MS busi ness system In the before-
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ATSS period, one full-tine enployee was needed to do accounting
tasks. These invol ved programm ng on the RS6000 business system
that preceded the AS/ 400 business system to generate client
statenents and bills for sponsoring agencies (SCVTA and Cal trans).
This position was phased out when the business system transitioned
fromthe RS6000 to the AS/ 400 platform and the ATSS now all ows
QUTREACH to automate these accounting functions. MS service staff
cal cul ate and revise vendor fares within the ATSS software, making
use of its capability to display historical trip data. This is a
new function provided by the ATSS which was custom zed for
OUTREACH. Therefore, the ATSS partly resulted in the elimnation
of this position.

The ATSS also created new tasks that were not perfornmed in the
before period. These new tasks, divided between the remaining MS
support staff and one new enpl oyee, include:

Ceocodi ng of addresses. The ATSS requires addresses of trip
origins and destinations to be coded in terms of |atitude and
| ongi tude coordinates before the trips can be scheduled in the ATSS
schedul ing system (i.e., geocoding of addresses). During the DGD
and ATSS installations, a geocode specialist was hired to geocode
probl emati c addresses. This geocode specialist was not required
shortly after the ATSS becane operational

Auditing of vehicle assignnents. OUTREACH created one part-
time position to audit vehicle routes built by the ATSS (terned
"schedul e anal ysis" by OUTREACH). Because the old system did not

build explicit vehicle routes, this task did not exist in the
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bef ore- ATSS period. The task involves checking vehicle assignments
for the next day, and nmeking corrections where the auditor thinks
vehicle routes can be nade nore efficient.

Overall, the nunmber of enployees in the category of MS
support staff decreased fromfour to three, and many tasks are now
automated by the ATSS. OUTREACH nanagers stated that the staff now
face heavy work | oads, and that additional staff are needed in the
future to help with auditing vehicle assignnents, and to process an

i ncreased nunmber of client accounts.

OUTREACH nanager s

The nunmber of OUTREACH nanagers decreased fromfour in the
bef ore- ATSS period to two in the after-ATSS period, primarily as a
result of the budget constraint during the after-ATSS period. The
ATSS hel ped QUTREACH to soften the blow of having two fewer
managers. The tasks perfornmed by an assistant nanager in the
bef ore- ATSS period included the generation of daily and weekly
operating reports (including sumaries of the number and types of
trips served, the nunber of late vehicles, and any incidents
reported). The ATSS automates many of these report generation
functions. W estimated that the nanagerial staff time replaced by
the ATSS was about one-quarter of a full-time manager position
The remai nder of the managerial tasks perforned by the two managers
who |eft OUTREACH, were redistributed between the two renmaining
managers.

To summarize the inpacts of the ATSS on the OUTREACH s
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wor kforce, the ATSS helps to streanline the tasks of booking trips
(particularly subscription trips). The ATSS significantly affected
the skill requirements of OUTREACH s personnel. A highly skilled
software engineer, with the aid of an extra hardware operator, was
the key to the ATSS operation. The ATSS automates many tasks
previously performed by MS support staff (e.g., building shared
rides), but also created new tasks that did not exist before (e.g.
geocodi ng of addresses).

On bal ance, the ATSS has hel ped OUTREACH to cope with sharp
increases in the trip volume without having to appreciably increase

the size of its total enployees.

ATSS | MPACTS ON COSTS

An anal ysis of the inpacts of the ATSS on the costs of
OUTREACH s paratransit operation involves conparing the costs
between the before-ATSS and after-ATSS peri ods. Cost data were
obt ai ned from several sources: OUTREACH s dat abase; OUTREACH s
documents and reports (e.g., nonthly reports on operating
statistics, quarterly cost reports prepared for the Metropolitan
Transportation Commi ssion, and sunmaries of the capital expenses
for the advanced paratransit denonstration project); and

interviews wth OUTREACH managers.

Conponents of Costs
The ATSS costs consist of capital and operating costs (Figure

3.1). The capital cost includes one-tine expenditures associated
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TOTAL COSTS

CAPI TAL COSTS OPERATI NG COSTS
FI XED OPERATI NG VARI ABLE OPERATI NG
COSTS COSTS

VEHICLE OPERATIONS

ADM NI STRATI VE CCSTS AND MAINTENANCE

e.g. Ofice Supplies,
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Printing,

Equi pment,

Repairs,
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Liability Insurance

COVPUTER MAI NTENANCE

SACARTES  TRAVEL
AND OTHER EXPENSES
I

FIGURE 3.1 COST ELEMENTS CONSI DERED | N COST EVALUATI ON




with the acquisition, integration, and inplenentation of the ATSS
and DGD. (Operating costs are the ongoing costs, which may be fixed
or variable. Fixed operating costs are independent of the |evel of
out put produced and consuned (e.g., passenger trips, passenger
mles). It includes adm nistrative expenditures such as those
detailed in Figure 3.1. Vari abl e operating costs are usually
sensitive to the level of output produced or consumed. Variable
operating costs include: vehi cl e operati ons and nai nt enance,
transportati on operations, conputer costs, salaries, travel and

ot her expenditures.

Corrections of Costs Due to Inflation

Data on capital costs, administrative expenses, and conputer
expenses were corrected for inflation using the Producer Price
| ndi ces published for 1993-1994. Therefore, all costs in this
chapter are based on 1993 costs. Inflation rates of 0.7%and 1.4%
were used for conmputer and adm nistrative expenses respectively.
Sal ary expenditures were not corrected for inflation because the
average salary per enployee did not change over the course of the

eval uation peri od.

Capital Costs
The capital cost of the ATSS consists of the DGD, the ATSS
har dwar e/ sof t war e, integration of the software, and project

managenent (Table 3.3).
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TABLE 3.3 SUMMARY COF CAPI TAL COSTS COF

ATSS

ESTI MATED COSTS NOT | NCLUDED
IN ATSS CAPITAL COSTS *

ATSS CAPI TAL COSTS

YEAR 1992- 1993 1994- 1995 1994 1995
S/400 Acquisition & Inplenentation $174, 656 $23, 552
Har dwar e $87, 000 $22, 250
Sof t war e $31, 500 $1, 302
Qutreach Staff $56, 156
Dgtd Geographic Database ** $4, 000
Automated Trip Scheduling System $148, 754 $17, 134
Har dware & PC Software $62. 651 $7.567
UMA Sof tware $86, 103 $9, 567
Software | ntegration $27, 051 $76, 734
Budgeted Costs $27, 051 $42, 564
Cost not included in budget $34, 170
Project Managenent $9, 747 $33,743
Budgeted Costs $9, 747 $11, 393
Cost not included in budget $22, 350
OTAL CAPI TAL EXPENDI TURES $174, 656 $27,552 $185, 552 $127. 611
OTAL COSTS (1993 Dollars) ** $184, 262 $125, 843
OTAL ATSS CAPITAL COST (1993 Dollars) $310, 105

Not es:
*

Rel evant figures include 8.25% sales tax.

Digital Geographic Database was donated,;

estimated value is given.

*** Total annual costs are adjusted using an average 0.7%inflation rate.




Digital Ceographic Database (DGD)

The DG was installed on the ATSS file server and required no
extra hardware. Because the DGD was donated to the denonstration
project by Navigation Technol ogi es (NavTech), it was not included

in the ATSS's capital cost. Its estinmated value is about $4,000.

Paratransit Business System

QUTREACH operates the Integrated Paratransit Business System
(IPBS) to assist in the paratransit operation nmanagenent. The |PBS
contains the client information database as well as conputer
programs used for accounting and reporting. The functi onal
relationship between the |IPBS and OQUTREACH s ot her hardware
conmponents is shown in Figure 3.2.

Prior to the start of the ATSS depl oynent, OUTREACH had
upgraded the IPBS hardware froman |IBM Systenm 36 to an | BM AS/ 400.
Because the purchase of the AS/ 400 was made independent of the ATSS
depl oyment, its purchase price was not included in the capital cost
of the ATSS. However, sone conversion of data and progranms was
necessary. Funding for the upgrade was provided by the
Metropolitan Transportation Conmission (MIC), private foundations
and Caltrans3. The upgrading was conpleted after the start of the
ATSS denonstration program

The cost of the |IPBS upgrade to the AS/ 400 platform was
$198,044 (1993 Dollars). This included the hardware and software

3 Santa Cara County Transit District, Project Proposal,
July 1993.
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as well as estimated OUTREACH staff time (Table 3.3). The ATSS
interfaces extensively with the IPBS, and extra equi pnent and
personnel resources were needed for the integration of the IPBS

with the ATSS and DGD

Autonmated Trip Scheduling System (ATSS)

The ATSS consists of hardware and software conponents, shown
in Figure 3.2. Hardware conponents include two new servers. The
file server, installed on a Conpaq Proliant 2000, maintains the
client database and the trip records for the next fifteen days.
The ATSS software, which was installed on a Hew ett Packard Pentium
60 personal conputer, operates as a client server. The IPBS, file
server and ATSS server are connected with each other via a Novel
Et hernet | ocal area network. The total cost for the two new
servers and the connecting network was $69, 678.

The ATSS software is a proprietary product devel oped by UVA
Engi neering of Toronto, Canada, and marketed under the product name
Trapeze Q. The software perforns trip booking, schedule
optimzation, real-tine inquiry into vehicle and client schedul es,
and reporting functions. The software was purchased and installed
at a cost of $94,939. The conbi ned hardware and software costs of

the ATSS totalled $164,617, or about 53% of the total capital cost

of the denonstration project.

Sof tware Integration

Ext ensi ve programm ng was needed to integrate the ATSS s

92



hardware and software with OUTREACH s exi sting conputer systens.
OUTREACH s existing | PBS contains various utilities and prograns
used for fare calculations, updating client accounts and other
accounting functions. Since these functions do not exist within
the proprietary ATSS software, they needed to be accessed by the
ATSS software via the Ethernet network. The DGD also had to be
integrated with the AS/400 computer. Software integration tasks
were performed by private consultants hired by OUTREACH between My
1994 and May 1995. The total cost of software integration was
$102,533 (or 33% of the total capital costs of the denobnstration
proj ect). It is noted that the final cost of the software

integration was about one-third higher than an initial estinate.

Proj ect Managenent

The project nmanagenent cost, Wwhich included consultancy fees
and in-house managenent, totalled $42,955. This included a cost
overrun of $22,040 over budget. The outside consultants had to
remain on site longer than initially anticipated, nostly to solve

the problens encountered with the AS/ 400 and ATSS interface during
the ATSS start-up

Annual i zed Capital Cost

As shown in Table 3.3, the total capital cost for the ATSS was
$310, 105 (1993 Dol lars). The annualized amunt of this cost is

$53,592, assuming a useful life of 7 years (which was based on the

estimated useful life of OUTREACH s conputer equipnment) and a 5%
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discount rate. For the first year of ATSS operation (1995-1996),
the annualized capital cost of the ATSS was estimated to be $0.17

per passenger trip, or $0.03 per passenger mle

Fi xed Operating Expenditures

Figure 3.3a shows fixed, variable, and total operating
expenditures by quarter from July 1993 through March 1996. Tota
fixed operating costs remain essentially unchanged between the
bef ore- ATSS and after-ATSS periods. Fixed operating expenditures
include all admi nistrative expenditures (e.g., office equipnment,
t el ephone and postage), and liability insurance. Expendi tures
related to the operation of the ATSS and salaries of admnistrative
personnel are considered as variable operating expenditures. The
fixed operating expenditure as the percent of the total operating
expendi ture decreases from 18% in July 1993 to 5% in January 1996,
as the latter increased.

On a per-passenger mle basis, admnistrative costs decreased
from $0.30 in the before-ATSS period to $0.20 in the after-ATSS

peri od.

Variable Operating Expenditures

QUTREACH s variabl e operating expenditures (shown in Figure
3. 3b) consi st of conputer expenses, salary expenses, and
transportation operating expenditures (or paynents OUTREACH nakes
to transportation vendors for the services they provide). The

figure indicates steady increases of variable operating costs
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during both the before-ATSS and after-ATSS periods, primarily as a
result of the growth in the nunber of passenger trips and passenger
m | es.

The increase in variable operating expenditures is
attributable to an increased transportation operating cost. Annua
sal ari es, comput er expenses, and transportation operating
expendi tures for the before-ATSS and after-ATSS periods are shown
in Table 3.4.

The inmpacts of the ATSS on each variable cost conmponent are

exam ned bel ow.

Sal ary Expenses

Salaries are nostly OUTREACH enpl oyees' salaries and benefits.
OUTREACH s annual sal ary expenses increased from $672,334 in the
bef ore- ATSS period to $735,776 in the after-ATSS period, primrily
due to the hiring of five additional telephone schedulers to
accormmpdate increased demand for the service. On a per-passenger
mle basis, salary expenditures decreased from $0.59 in the before-
ATSS period to $0.42 in the after-ATSS peri od.

Table 3.5 shows the nunber of QUTREACH enpl oyees in each job
category as a result of the ATSS inpl enentation. The tabl e
i ndi cates that the ATSS deploynment led to a decrease of one
enployee in the after-ATSS period relative to the before-ATSS
period. This position was an enployee who built multiples manually
in the before-ATSS peri od. The sal ary expense saved by this

position is about $30,600 per year. The ATSS deploynent made it
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TABLE 3.4

OPERATING COSTS I'N BEFORE AND AFTER ATSS PERI CDS

COST CATEGCORY

ANNUAL EXEENDI TURE

%

BEFORE ATSS |AFTER ATSS CHANGE

NON- TRANSPORTATI ON COSTS

Adm ni strative $346,275 $349, 636 +0. 9%

Conput er Mai nt enance $15,803 $7, 384 -53. 3%

Salaries & O her $672,334 $735, 776 +9. 4%
Total non-transportation costs $1,034,412 | $1,092, 796 +5. 6%
Annual Passenger Miles 1,139,111 1, 769, 165 +55. 3%
Annual Passenger Trips 240,975 315, 972 | 31. 1%
Non-transp. Cost per Passenger Mile $0.91 $0. 62 -31. 9%
Non-transp. Cost per Passenger Trip $4.29 $3.46 -19.4%
TRANSPORTATI ON COSTS

Taxi vendor payments $1,878,908 $2,159,404 +14.9%

Van vendor payments $804,814 $1,939,816 | +141.0%
Annual Passenger Miles: Taxi 974,320 1,247,316 +28.0%
Annual Passenger Miles: Van 164,791 521,849 | +216.7%
Transp. Cost per Pass. Mile: Taxi $1.93 $1.73 -10.2%
Transp. Cost per Pass. Mile: Van $4.88 $3.72 -23.9%




TABLE 3.5 ESTI MATED | MPACTS OF ATSS ON OQUTREACH S SALARY EXPENSES

ADDI TI ONAL ADDI TI ONAL  SALARY
JOB CATEGORY NUMBER OF EXPENSES PER YEAR
EMPLOYEES DUE TO ARSS

RE%I RED

Tel ephone Schedul ers 0
Har dware Operators 0
M S Support Services -1 - $30, 600
Sof t war e Engi neers +1 +$45, 600
Manager s 0

TOTAL 0 +$15, 000




necessary for OUTREACH to enploy one software engineer that would
ot herwi se not have been needed. The software engineer's salary is
about $45, 600 per year.

OUTREACH hired an additional hardware operator in the after-
ATSS period, but reduced the number of managers from four to two.
As previously mentioned, these actions were not primarily related
to the ATSS deploynent, and the salary changes are therefore not
attributed to the ATSS.

Table 3.5 shows that an increase of $15, 000 per year in salary
expenses can be attributed to the ATSS depl oynent. This represents

about 2% of the total salary expenses in the before-ATSS peri od.

Comput er Mai ntenance Costs

Conput er mai ntenance costs include paynents made to service
providers for routine maintenance of OUTREACH s conputer hardware
and software. It does not include one-tine paynents for the
installation of new equipnent, as they are already included in the
ATSS capital costs. Therefore, conputer maintenance costs capture
the costs associated with running the conputer systens on a day-to-
day basis. Table 3.4 shows that the conputer maintenance cost in
the first year of ATSS operation was significantly |ower than that
in the before-ATSS period. Annual naintenance costs decreased from
$15,803 to $7, 384. This is because little maintenance was
necessary for the newy installed systens. The | ong-term
mai nt enance needs of the ATSS hardware and software are not known

at this time. The contribution of this cost category to operating
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expenses is very small (less than 1%.

Vehicl e Operation and Mintenance Costs

OUTREACH incurred vehicle operation and mai ntenance costs up
to COctober 1993 while operating its own van fleet, Since then
OQUTREACH has contracted private van vendors to provide all
wheel chair accessible transportation.

Vehi cl e operation and mai ntenance costs include operating
expendi tures such as fuel and routine maintenance. Costs in this
category are not analyzed separately but are included with the
payments nmade to vendors. In the follow ng discussion, the
transportation operation cost refers to the sum of vendor paynents

and vehicle operations and mai ntenance (where applicable).

Transportation Operating Cost

Anmong all operating-cost conponents, the transportation cost
(or vendor paynents) is the nobst substantial, accounting for up to
78% of the total operating cost. The nagnitude of vendor payments
grew substantially between the before-ATSS and after-ATSS peri ods.
However, on a per-passenger mle basis, paynments to taxi vendors
decreased from $1. 93 per passenger mle in the before-ATSS period
to $1.73 in the after-ATSS period (a 10.4% decrease), and payments
to van vendors decreased from $4. 88 per passenger mle to $3.72 per
passenger mle (a 23.9% decrease). These decreases in unit vendor
paynments in the after-ATSS period relative to the before-ATSS

period could conceivably be affected by a nunber of factors:

101



0 Increases in total passenger-mles as a result of higher
trip volumes and | onger average trip length in the after-
ATSS peri od.

0 Changes in the unit contract prices that OUTREACH

renegotiated with vendors.

0 The ATSS use.

In order to determ ne the inpacts of the ATSS on vendor
payment per passenger mile, the effects of the other two factors
must be factored out. The results of this analysis are presented
bel ow, after a description of vendor-paynent nodels that OUTREACH

uses to calculate the payments due to each vendor

Mdels for Calculating Vendor Pavnents
As previously nentioned, taxi vendors provide service

exclusively for anmbul atory users and wheel chair users who are able
to transfer to a car seat. Taxi vendors are paid the standard taxi
fare, mnus a discount negotiated between OUTREACH and each vendor
(which varies between 10% and 20% dependi ng on the taxi conpany).
The van node includes a diverse set of operations and vendors,
and differs fromthe taxi node in that it carries wheelchairs. The
van node includes accessible van service, group van service, and
m xed van service. Mst wheel chair-bound clients were transported
by accessible vans up to August 1995. Accessible van service is
generally nore expensive than taxi service because it uses nore
speci alized vehicles and van drivers provide nore help to riders.

G oup van service uses simlar vehicles as accessible van service,
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but is operated wunder contract wth certain agencies for
transporting groups of clients who may be ambul atory or wheel chair
users. M xed van service, which replaced the accessible van
service by March 1996, utilizes the sane wheel chair accessible

vehicles for transporting both anbulatory and wheel chair

passengers, but nost of the vehicles are mnivans instead of full-
si zed vans. The cost of this type of service is somewhat |ower
t han accessible van service.

QUTREACH cal cul ates the monthly payment for each vendor using
a standard formula, which is based on a fixed cost for every
passenger or group of passengers (ternmed a flag drop) plus a cost
per mle travelled by the vehicle with passenger(s) on board.
Mul tiples receive only one flag drop.

The anmpbunt paid to vendor i for service rendered in a

particular tine period is calculated fromthe follow ng formula:

Payment; = cq;*(# of veh trips), + Cyj*(veh revenue niles)
Eq.3.1
wher e Qi = Unit price per vehicle trip for vendor

G Unit price per vehicle revenue mle, vendor i

QUTREACH defines a vehicle trip as a trip during which one or
more OUTREACH passengers are transported, fromthe first pick-up
until the vehicle is enpty again. |t defines vehicle revenue nmles
as the mles travelled with clients on-board, thus excluding

deadheading m | es.
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Unit prices per vehicle trip and per vehicle revenue mle were
specified in contracts between OUTREACH and the vendors. They
vari ed anong vendors and changed over the course of the study
period. Further, OUTREACH generally inposes penalties on vendor
paynments in case of late vehicles. OUTREACH pays prem ums to van
vendors for pickups after 8 pm and to taxi vendors if drivers have
to handl e wheel chairs. Exam nati on of vendor paynment records
reveal ed that such premiuns and penalties were approxinmately
proportional to the nunber of vehicle trips, and that vendor
prem unms and penalties were relatively small (less than six percent
of vendor payments) in both the before-ATSS and after-ATSS periods.
Therefore, we incorporated vendor prem uns and penalties in the
G;i' in the above equation (3.1).

Table 3.6 summarizes estimated average contract unit prices

for taxis and vans, for the before-AT% and after-ATSS peri ods.

. | Ui . i cl e (c)

For each taxi and van node, the average G; was cal cul ated by
wei ghting the known contract price for each vendor by the nunber of
vehicle revenue mles. For taxis, average values for the before-
ATSS peri od (dQT) and the after-ATSS periods (de) were both $1.47
per vehicle revenue mile. For van vendors, the average value in
the before-ATSS period (J@V) was $1.67 per vehicle revenue nile
and that in the after-ATSS period (¢%,) was $2.56 per vehicle

revenue mile.
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TABLE 3.6 AVERAGE CONTRACTED UNIT PRI CES: TAXI AND VAN MODES

Per Flagdrop (¢ Per Vehicle Revenue
Mile (c,)
(Source: {1}) (Source: {2})

f Before After Before After
4 Period Period

Sour ces: (1) Estimated by regression from vendor paynent
dat a
{2} Weighted average of contract wunit prices per
vehicle revenue mle (weighted by vehicle revenue
m | es)



Estimated Unit Contract Price Per Vehicle Trip (cq)

For the taxi node, the estimated average value in the before-
ATSS peri od (CmT) was $2.84 per vehicle trip, and that in the
after-ATSS period (cﬁT) was $2.46 per vehicle trip. For the van
nmode, the value in the before period (CHV) was $18.61 per vehicle
trip, and that in the after period (c%v) was zero. This is due to
the fact that contracts with van vendors were renegotiated to
decrease the contract unit prices per vehicle trip and to increase

the contract prices per vehicle mle.

Savings in Vendor Paynents in After-ATSS Period due to Renegoti ated
Contracts

The savings in paynents to van vendors in the after-ATSS
period due to renegotiated contract unit prices are estimted as

foll ows:

Savi ngs = (cb|V - ¢ ) (veh trips) +—(cbﬂ,- cdyy,) (veh niles)

= $246, 357 per vyear.

Simlarly, the savings in paynents to taxi vendors in the
after period due to renegotiated contract unit prices was $72,783
per year. These translate into the savings of $0.47 per passenger

mle for vans, and $0.06 per passenger nile for taxis.

Effects of Hi gher Passenger-Mles of Trave
Next, an analysis was performed to determ ne whether there was
a significant effect of higher passenger-mles of travel on the
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unit vendor paynent in the after-ATSS period, after having adjusted
for the effect of renegotiated contract unit prices. This involved
cal cul ating "adjusted" vendor payments in the after period by
appl ying the before-period contract unit prices, cb| and cbz to
vehicle trips and vehicle mles of the after period. These
"adjusted" vendor paynents in the after period represent what
after-period paynents woul d have been if unit contract prices had
not been renegoti at ed. Bef ore-period and adjusted after-period
vendor paynments for taxis and vans are shown in Figure 3.4.

A regression analysis was perforned using nonthly vendor
paynments per passenger mle in the before-ATSS period, adjusted
vendor paynents per passenger mle in the after-ATSS period, and
passenger mles for taxi and van nodes. The vendor paynent per
passenger mle was the dependent variable; passenger mles and the
before/after period were candidate independent variables. The
regression nodel and results are described in Appendix 3A The

estimated regression nodels are:

For the taxi:
Y =1.93 - 0*14*(X)

..Eq 3.2

For the van:
Y= 4.89 - 0.71*(X)

..Eq 3.3
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VENDOR PAYMENT ($ PER PASSENGER MILE)

FIGURE 3.4
VENDOR PAYMENTS PER PASSENGER MILE
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wher e Y = vendor paynent per passenger mle, and
x = 0 for before period; 1 for after period.

R2 val ues were 0.92 and 0.89 for equations 3.2 and 3.3. The
sanmpl e size was 20 for each regression. The estimted coefficient
of X was significant in both equations at any reasonable val ue of
g (t-values of -13.9 and -12.9 for equations 3.2 and 3.3,
respectively). On the other hand, the passenger-mle was found to
be a non-significant variable for both the taxi and van nodes.
This inplies that vendor payments per passenger mle (after having
adjusted for the effect of renegotiated contract prices) was not
affected by higher passenger mles served in the after-ATSS period.

The results fromthe above two anal yses suggest that the
renegotiated unit contract prices between OUTREACH and the vendors
were possible, possibly in part due to expectations by the vendors
of a larger scale operation. If so, the benefits due to the
renegotiated unit contract prices inplicitly include the portion of

the econom es-of -scale benefit that was passed through to OUTREACH

Effects of ATSS

In the above regression nodels (equations 3.2 and 3.3), the
bef ore- ATSS period represents the absence of the ATSS, and the
after-ATSS period represents the ATSS use. Equations (3.2) and
(3.3) inply that the ATSS significantly affects the vendor paynent
per passenger mile, after accounting for the effect of renegotiated
contract unit prices.

Savings in nonthly vendor paynents due to the ATSS are
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indicated by the estinmated coefficients of X in equations (3.2) and
(3.3). The savings were $0.71 and $0.14 per passenger mle for the
van and taxi nodes, respectively. The savings in the taxi vendor
paynent per passenger mle due to the ATSS represent 7% of the
bef ore-period payment, and the savings for the van node represent
14% of the before-period paynent. Table 3.7 summarizes the savings
in vendor paynents (per passenger mle) due to renegoti ated
contract unit prices and the ATSS use.

At the after-period |evel of passenger mles of 147,430 per
month, the savings in vendor paynents attributed to the ATSS use
were estimated to be $45,428 per nonth, or about 13% of tota

vendor paynents.

How Did ATSS Help to Reduce Transportation Cost?

To illustrate the manner in which the ATSS helped to |ower the
transportation cost, further analysis of its effects on the nunber
of vehicle trips and vehicle revenue mles (reported by OUTREACH)
was performed as follows.

The nunber of vehicle trips and vehicle revenue mles per
month are divided by passenger mles, to express the anpunt of
vehicl e resources needed to serve one passenger mle, for the
before and after periods (Table 3.8). Both quantities, for both
the taxi and van nodes, decreased significantly in the after period
(t-tests, a=0.05). A larger reduction occurred in the nunber of
vehicle trips per passenger mle (about 20% for vans and 13% for

taxis), probably reflecting higher percent shared rides achieved as
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TABLE 3.7 SAVI NGS | N AVERAGE VENDCR PAYMENT PER PASSENGER VH LE
| N AFTER ATSS PERI OD

SAVI NGS DUE TO
TOTAL CHANGES IN SAVINGS
MODE SAVINGS CONTRACTED DUE TO
UNI T PRI CES ATSS
VAN $1.18 $0. 47 $0. 71
(% of Before Period) (24% (12% (14%
TAXI $0. 20 $0. 06 $0. 14
(% of Before Period) (10% (3% (1%




TABLE 3.8 CHANGES IN VEH CLE TRIPS AND VEH CLE
M LES PER PASSENGER M LE
(Source:  OUTREACH operational records)

BEFORE AFTER| % CHANGE| t-value

ATSS ATSS

VEHICLE TRIPS PER PASSENGER MILE
VAN 0.173 0.139 -18.7% 15.8
TAXT 0.159 0.139 ~12.6% 12.6

VEHICLE MILES PER PASSENGER M LE

VAN 0. 998 0.951 -4, 7% 3.4
TAXIT 1.004 0. 949 -5.5% 8.8
——

Nunber of nonths
obser ved 8 12




wel | as greater average passenger trip length in the after-ATSS
peri od.

Table 3.8 also indicates that vehicle revenue mles per
passenger mle decreased by about 5% for both taxi and van nodes in
the after period relative to the before period. The ATSS mi ght
have acconplished this in tw ways. First, the ATSS has enabled a
hi gher efficiency for routing vehicles between pickups and drop-
of fs. Second, the ATSS neasures vehicle revenue niles nore
accurately than the old system and OUTREACH nanagers believed
that the old system tended to overestimate vehicle revenue mles.

To summarize the inpacts of the ATSS on OUTREACH s annual
paratransit costs, these inpacts (Table 3.9) are:

(a) The annual total capital cost of the ATSS was $53, 592.
On a unit cost basis, the capital cost of the ATSS added $0.17 to
the average cost of providing one passenger trip in the first year,
or $0.03 to the average cost of providing one passenger mile.
CGeneral |y speaking, the capital costs of inplenenting sinlar
systems woul d depend on the |evel of conputerization that was
already in existence within the transit agency.

(b) The ATSS use resulted in significant savings in the unit
vendor payment (per passenger mle). After adjusting for various
policy changes, it was found that the estinmated annual reduction in
vendor paynents due to the ATSS was $545, 137 during the first year
of ATSS operation. This represents about 10% of the annua

operating costs for the after-ATSS peri od.
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TABLE 3.9 SUMVARY OF | MPACTS OF ATSS ON ANNUAL COSTS
ANNUAL EXPENDITURE ESTIMATED % CHANGE
COST CATEGORY (2) (3) IMPACT
(1) AFTER AFTER OF ATSS IN {(3)-(2)}
BEFORE ATSS | WITHOUT ATSS WITH ATSS AFTER PERIOD | ---------
(EXPECTED) (OBSERVED) (3)-(2) {2}
Administrative $346,275 (a) $346,275 $349,636 +$3,361 +0.9%
Computer Maintenance $15,803 (a) ‘$15, 803 $7, 384 -$8, 419 -53. 3%
Sal aries & O her $672,334 (h) $720,776 $735, 776 +$15, 000 +2. 1%
Transportation: Taxi $1,878,908 (b) $2,334,028 $2, 159, 404 -$174, 624 -7.5%
Transportation: Van $804,814 (b) $2, 310, 329 $1° 939, 816 -$370, 513 -16. 0%
TOTAL OPERATING COSTS $3,718,134 $5, 727,211 $5,192, 016 -$541, 917 -9. 5%
ATSS CAPITAL COSTS - - $53,592 +$53,592 -
TOTAL ANNUAL COSTS $3,718,134 $5,727,211 $5,245,608 -$488,325 -8.5%
Annual Passenger Miles 1,139,111 1,769,165 1,769,165 - -
Annual Passenger Trips 240,975 315,972 315,972 - -
‘TOTAL COST PER PASS. M LE $3.26 $3.24 $2.97 -$0.27 -8.4%
TOTAL COST PER PASS. TRIP $15.43 $18.13 $16.60 -$1.53 -8.4%
NOTES:
(a) Expected costs in after period are equal to before period costs
(b) Expected after period costs are calculated by offsetting observed costs of after period

by the estinmated inpact

of the ATSS in the after

peri od.



(c) The ATSS achieved the reduction in vendor paynents by
decreasing both the nunber of vehicle trips and vehicle revenue
mles needed to serve one passenger mle. The ATSS has achieved a
nore efficient assignnent of passengers to vehicles, leading to
nore shared rides than before. Aso, the DAY ATSS has hel ped to
| nprove the accuracy with which vehicle mles travelled are
measured, because distance cal culations are now based on exact
street distances instead of the grid system used before.

(d) The ATSS helps to reduce the total cost of the OUTREACH s
paratransit operation (i.e., capital costs, vendor paynents, plus
other fixed and variable operating costs). Table 3.9 indicates
that during the first year of the ATSS operation, estimated annual
total cost savings of $488,325 occurred (relative to the expected
total costs had the ATSS not been deployed). This represents the

savings of $0.27 per passenger mile, or $1.53 per passenger trip

VEH CLE PRODUCTI VI TY
In July 1995 (five nonths after the ATSS was depl oyed),

OQUTREACH instituted a new policy requiring vendors to provide
vehi cl es dedicated to OUTREACH clients for any given day. Thi s
means that dedicated vehicles can serve only OUTREACH clients
during the time of day for which they are so designated. OUTREACH
requi res dedi cated vehicl es because the ATSS assigns passenger
trips to specific vehicles to produce an explicit itinerary (i.e.,
sequences of pickups and drop-offs) for each vehicle. In the

bef ore- ATSS period, QOUTREACH did not require vendors to provide
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such dedicated vehicles, and the same vehicles usually served both
QUTREACH and non- QUTREACH clients in any one day.

Measures of vehicle productivity exam ned include: t he
percent shared rides, vehicle revenue mles, vehicle deadheadi ng
mles, and average vehicle occupancies. OUTREACH provi ded data on
the overall nunber of shared rides (or multiples), and nonthly
nunbers of passenger trips taken by clients and conpanions. These
data were used to evaluate the percent shared rides achieved in the
bef ore- ATSS and after-ATSS periods. Shared ride data provided by
OUTREACH is referred to as OUTREACH s "aggregate" dat a.

In addition, we also conducted observations onboard a sanple
of taxis and vans in the before-ATSS period (for two weeks in July
1994) and the after-ATSS period (for two weeks in July 1995, plus
another three weeks in July 1996). Information collected through
on-board observations (referred to as "onboard sanple" data)
included the amount of mles travelled by vehicles in deadheading
and in revenue service, and the nunmber of clients served on each
vehicle trip. On each observation day, the vehicle itinerary was
recorded by an observer traveling on-board the vehicle. Sanpl e
sizes were 66 vehicle trips* in the before-ATSS period (26 for
vans and 40 for taxis), and 146 vehicle trips in the after-ATSS

period (33 for vans and 113 for taxis).

4 A vehicle trip is neasured from when an enpty
vehicle starts travelling (in deadhead) towards the
next pickup, and ends as soon as the vehicle is
eppty again after all passengers have been dropped
of f.
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Conpliance to Dedicated Vehicle Policy

Table 3.10 shows the average daily nunber of mles travelled
by taxis and vans while serving all clients (OUTREACH pl us non-
OUTREACH clients), and while serving OQUTREACH clients exclusively,
for the before-ATSS and after-ATSS periods. The table was derived
from data collected during onboard observations. The total vehicle
mles include vehicle deadheading mles while in revenue service.
The average percentage of mles travelled in dedicated OUTREACH
service increased from 86% in the before-ATSS period to 97% in the
after-ATSS period for the taxi vendor, and increased from67%in
the before-ATSS period to 77% in the after-ATSS period for the van
vendor . The increase in the percentage of dedicated mles is
statistically significant (at a 0.05 significance level) for the
taxi vendor but not for the van vendor.

These results suggest that taxi vendors appear to have
essentially conplied with OQUTREACH s dedi cat ed-vehicle policy, and
that van vendors m ght have provided a |ower |evel of dedicated
vehicles for OUTREACH clients than taxi vendors during the first
year of ATSS operation.

Vehi cl e Revenue Ml es

Vehicle revenue mles are vehicle mles travelled with
OUTREACH clients on-board. Vehicle revenue mles from on-board
observations are shown in Table 3.11. Vehicle revenue mles per
passenger trip were calculated by dividing vehicle revenue mles

for each vehicle trip by the nunber of QUTREACH clients carried

117



TABLE 3. 10 USE OF VEHI CLES DEDI CATED TO OUTREACH SERVI CE
(Source: Sanple data, On-board Observations)

DAILY AVERAGE PER VEH CLH

ALL DEDI CATED AVG % OF
MLES VEH CLE M LES
TRAVELLED M LES DEDI CATED

TAXI  VENDOR
BEFORE ATSS
AFTER ATSS

VAN VENDOR
BEFORE ATSS
AFTER ATSS

117.4 101.0 86%
146.0 142.0 97%

129.6 87.6 67%
127.8 99.0 7%

t-val ue

t-val ue

-2.

- 1.

2|

1l




TABLE 3.11  VEH CLE REVENUE M LES
(Source: Sanple Data, On-board Gbservations)

REVENUE M LES PER PASSENGER TRI P
VAN VAN TAXI -A TAXI-A TAXI-B
BEFORE AFTER BEFORE AFTER AFTER

AVERAGE 5.565 5.234( 4.350 5.513 5. 654
STANDARD 3. 867 3.146| 2.759  3.985 4.263
DEVI ATI ON
NO OF VEH CLE 26 33 40 52 61
TRI PS OBSERVED
FREQUENCY
DI STRI BUTI ON
<2 11.5%  21.2% 27.5% 23.1% 19. 7%
2-4 26. 9% 18.24 32.5% 26.9%  26.2%
4-6 26.9% 21.2% 17.5% 17.3% 23. 0%

> 6 34. 6% 39.4% 22.5% 32.7% 31. 1%
TOTAL 100% 100% 100% 100% 1000/1




during that vehicle trip. The table indicates that average vehicle
revenue miles per passenger trip (observed during onboard
observations) decreased slightly from5.57 to 5.23 for the vans,

but increased slightly from4.35 to 5.51 for the taxis. Neither of
these changes are statistically significant at the 0.05
significance level. Average vehicle revenue niles per passenger
mle for sanpled vehicles observed during onboard observation
cannot be estinated because it was difficult to neasure passenger
mles during onboard observations that would correspond to the
definition of "passenger mles" used by OUTREACH (see Table 3.1).

Pl ease note that the previously presented vehicle revenue mles per
passenger mle (which were based on data obtained from OUTREACH s
dat abase) decreased by 5% in the after-ATSS period relative to the
bef ore- ATSS period. Vehicle revenue nmiles per passenger mle is
likely to be a better nmeasure of vehicle productivity because of
| onger average passenger trip length in the after-ATSS period due
to the expansion of the OUTREACH service area after the ATSS

I mpl ement ati on.

Vehi cl e Deadheadi ng

Vehi cl e deadheading refers to vehicle mles of travel w thout
QUTREACH clients onboard, and represents the amunt of vehicle
resources that vendors are not explicitly conpensated for by
OQUTREACH.  Changes in vehicle deadheadi ng between the after-ATSS
and before-ATSS periods can conceivably be influenced by at |east

two factors: (a) OUTREACH s expansion of the service area in the
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after period, which was |ikely to increase both average vehicle and
passenger trip lengths; and (b) the ATSS s scheduling algorithm
coupled with OUTREACH s dedi cated vehicle requiremnment.

Possi bl e inpacts of the ATSS on vehicl e deadheadi ng was
assessed using sanple data collected in the onboard observations.
Vehi cl e deadheading m|es per passenger trip was neasured (i.e.,
vehi cl e deadheading mles for each vehicle trip divided by the
nunber of passengers served by that vehicle trip). The mles
travelled in deadheading toward a pick-up is attributed to that
vehicle trip.

Table 3.12 shows observed vehicle deadheading mles per
passenger trip for vans and taxis observed for the before-ATSS and
after-ATSS periods. The table indicates that average deadheadi ng
ml|es per passenger trip was lower for taxis than for vans in both
periods. This is likely due to the fact that, compared with taxi
clients, there were fewer van clients spreading over a |arger
service area. For taxis, there was a 42% increase in average
vehi cl e deadheadi ng per passenger trip in the after-ATSS period
relative to the before-ATSS period (which is statistically
significant at a 0.05 significance |evel). On the ot her hand,
vehi cl e deadheading mles per passenger trip for vans decreased by
about 18% in the after ATSS period relative to the before period
(but this change is not statistically significant at a 0.05
significance |evel).

A dedicated taxi fleet that follows the ATSS s vehicle

assi gnments exclusively | eaves vendors with less flexibility to use
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TABLE 3.12

VEH CLE DEADHEADI NG M LES PER
PASSENGER TRI P
(Source: On-board Onservations)

DEADHEADING M LES PER PASSENGER TRI P

VAN

VAN

BEFORE AFTER

TAXI

TAXI

BEFORE AFTER

Aver age

STANDARD
AVERAGE

FREQUENCY
DI STRI BUTI ON
<5
5-10
10- 15
>15
TOTAL

NO OF VEH CLE
TR PS OBSERVED

8.913

6.413

21

33. 3%
28. 6%
19. 0%
19. 0%

100%

7.315

8. 063

31

48. 4%
25. 8%
16. 1%
9. 7%
100%

4.105

2.811

35

34. 3%
34. 3%
17. 1%
14. 3%

5. 846

4. 655

47

23. 4%
34. 0%
12. 8%
29. 8%

100. 0% 100. 0%




their own experience and judgnment to reduce vehicl e deadheadi ng.
Further, a larger service area tends to induce |onger average
passenger trips, which could increase vehicle deadheading. Table
3.12 shows that the |argest increase in taxi deadheading mles per
passenger trip was associated with trips longer than 7.5 mles.
The observed increase in taxi deadheading mles per passenger trip
in the after-ATSS period is consistent with what the taxi vendors
stated in interviews. The taxi vendors believed that the ATSS use
plus the dedicated-vehicle policy, together with the service area
expansion in the after ATSS period, resulted in deadheading trips
between different service areas.

The 42% increase in taxi deadheading mles per passenger trip
in the after-ATSS period nust be interpreted with care. Average
passenger trip lengths in the after-ATSS period has increased
followng the addition of new cities to the OUTREACH service area.
I ncreased average passenger trip length in turn resulted in higher
total passenger-mles of travel. Ideally, we should conpare
vehi cl e deadheading mles per passenger mle of travel between the
bef ore- ATSS and after-ATSS periods in order to neutralize the
effects of the service area expansion, and to isolate the ATSS s
effect, on vehicle deadheading. Unfortunately, we could not easily
measure passenger-mles of travel accurately during onboard
observations; and data on vehicle deadheading miles were only
avail able from the onboard observations (neither OUTREACH nor the

vendors keep record of vehicle deadheading mles).
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In light of the above data limtation, we had to conpute a
change in average taxi deadheading mles per passenger-mle between
the two periods using two data sources (i.e., the change in average
taxi deadheading niles per passenger trip from the onboard
observations, and the change in average passenger trip length from
OQUTREACH s dat abase). The conputation results (Appendix 3B)
indicate that average taxi deadheading mles per passenger-mle
i ncreased about 13% in the after-ATSS period (relative to the
bef ore- ATSS period), after having adjusted for the effects of the
service area expansion. Therefore, the ATSS use plus the
dedi cat ed-vehicle policy could be said to probably increase average

taxi deadheading mles per passenger mle by about 13%

Percent Shared R des

Shared rides are defined as nore than one passenger sharing
all or part of their trips with at |east another passenger.
QUTREACH consi ders conpani ons or personal attendants who acconpany
QUTREACH clients as shared rides. Shared rides, expressed as the
percent of total passenger trips, are terned the percent shared
rides. The analysis of the percent shared rides used aggregate
data from OQUTREACH s operati onal database. The percent shared
rides for taxis and vans from March 1994 through February 1996 are
shown in Figure 3.5. In the before-ATSS period, the percent shared
ri des decreased over time indicating that OUTREACH s ol d manua
system had reached its capacity, quite possibly before 1994. In

1994, the percent shared rides achieved by the old system had been
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FIGURE 3.5
PERCENT SHARED RIDES PER MONTH
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about 50% Al t hough we do not have data on the percent shared
rides before 1994, an extrapolation of the trend line of Figure 3.5
i mredi ately suggests that the percent shared rides before 1994
(when total passenger-mles were |ower due to |ower paratransit
demand and the fact that OUTREACH then served only seven cities)
was likely to be higher than 50% Figure 3.5 indicates that the
percent shared rides had steadily decreased since 1994 to about 34%
just before the ATSS deploynent. After the ATSS inplementation
however, the percent shared rides increased sharply.

The percent shared rides is likely to be influenced by the
service volume and the efficiency of vehicle assignnent. The
hi gher the nunber of passenger trips served, the higher the
potential for ridesharing will be. The effects of passenger vol une
and the ATSS on the percent shared rides per nmonth were exam ned by
means of a regression analysis, Wwhich conmbined the taxi and van
modes. The best-fit shared rides nodel indicates that the percent
shared rides is influenced by both the service volume and the ATSS

use, as follows:

Y= 70.20 - 0.0027(X7) + 0.00017(X;Xy)

,..Eqn 3.4

wher e Y = % Shared rides.
x| = passenger miles served (sum of vans and taxis).
Xp = O for before period, 1 for after period.
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The estimated coefficients for Xy and X are statistically
significant at a 0.05 significance |evel. R2 was 0.78, the
estimated standard error 3.71, and the sanple size was 24.

From equation 3.4, the average percent shared rides in the

bef ore ATSS period can be expressed as:

70.20 - 0.00027X1

it

...Egn 3.5

The percent shared rides in the after ATSS period can be expressed

as.

it

70.20 - 0.00010X,

...Egn 3.6

In Figure 3.6, nonthly percent shared rides are plotted
agai nst the number of passenger mles served. The figure indicates
that:

(a) In the before-ATSS period, the percent shared rides
steadily decreased with increasing passenger mles. This is
because both the person-hours available for building shared rides
and the nunber of shared rides that could be built in the before
ATSS period was constant,w th one OQUTREACH enpl oyee working full
time at this task. This had reduced the proportion of total trips

that were shared rides as the trip volume continued to grow. This
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inmplies that the old trip scheduling procedure had reached its
capacity in the before-ATSS period, possibly Iong before the ATSS
depl oyment .

(b) The percent shared rides increased sharply after the ATSS
I mpl enent ati on. Further, the percent shared rides during the
af ter-ATSS period showed little sensitivity to the service vol une.
This inplies that the ATSS has hel ped OQUTREACH to renove the
capacity constraint on the nunber of shared rides that could be
built, and thus higher paratransit demand could be accomodated in
a nore efficient manner than before. These results are consistent
with earlier reported findings, which indicated that vehicle trips
per passenger mle decreased by 13-20 percent between the before-
ATSS and after-ATSS peri ods.

To summarize the inpacts of the ATSS on vehicle productivity,
the ATSS has resulted in productivity gains for OUTREACH  First
it has enabled OUTREACH to achieve a significantly higher percent
shared rides, and has hel ped OUTREACH to overcome serious capacity
probl ens throughout the before-ATSS peri od. Second, vehicle
revenue mles per passenger mle decreased in the after-ATSS period
(relative to the before- ATSS period). However, it appears that
the use of ATSS plus the dedicated-vehicle policy mght have
resulted in a 13% increase in average taxi deadheading mles per
passenger mle. This inmplies that the productivity gains for
OUTREACH m ght not have been passed on to taxi vendors, at |east

during the first year of ATSS operation
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SERVI CE QUALITY

The inpacts of the ATSS on three aspects of custoner service
qual ity were analyzed: vehicle on-tinme performance; in-vehicle
travel times; and ease of clients requesting trips on the
t el ephone. These evaluations are based on the OUTREACH s dat abase
as well as data from the onboard observations. User perceptions of
changes in service quality after the ATSS inplenentation based on

client interviews are presented in the next chapter.

Vehicle On-Time Performance

According to OUTREACH s definition of vehicle on-tine
performance, any vehicles arriving at pick-up locations within + 15
mnutes of the pronised time are considered to be on-time. In this
section, the nunmber of client conplaints about vehicles that were
more than 15 mnutes late for schedul ed pick-ups were exam ned.

Monthly data on the nunber of |ate vehicles was provided by
QUTREACH, from which the percent of total client trips associated
with late vehicles was calculated (termed the percent of l|ate
vehicles). The percent late vehicles per nonth for both the taxi
and van nodes is shown in Figure 3.7. In the before-ATSS period
(up till Novenber 1994), the percent late vans was high,
particularly for July 1994 when the van vendors were stil
unfamliar with the new OUTREACH service areas that had just been
added. The percent |ate vans was |ower during the after-ATSS
period than during the before-ATSS period. For the taxis, the
percent |late taxis between March 1994 and January 1995 (the before
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-ATSS period) ranged from 1.2% to 2.1% After the ATSS
i mpl ementation, the percent late taxis rose to higher levels (wWth
an average of 3.4% between March 1995 and February 1996). The
difference in the percent |late taxis between the after ATSS and
before ATSS period is statistically significant at a 0.05
significance |evel.

The above findings suggest that the ATSS m ght have had a
slightly negative inpact on the on-tine performance of taxis. This
m ght have been due to a couple of factors. First, vehicle
schedul es recommended by the ATSS algorithm | eaves drivers and
di spatchers with less flexibility to respond to unexpected changes
I n schedul es. Second, during the initial period of expansion of
the service area, vendors did not have enough vehicles to provide
adequate service in the new North County cities. Third, the larger
service area in the after-ATSS period (conpared with the before-
ATSS period) mght have also contributed to poorer on-time
performance of taxis. Nevertheless, the levels of late vehicles of
taxis (as well as vans) serving OUTREACH clients in the after-ATSS
period are still well below the limts of 5-15% typically used by

other paratransit operators in the San Franci sco Bay Ar ea®.

I n-Vehicle Travel Tines
Cient in-vehicle travel tines were neasured in onboard

observations for the before-ATSS and after-ATSS periods, and

° See METROPCLI TAN TRANSPORTATI ON COWM SSI ON, "The Use of
Performance Measures in the Bay Area Paratransit
I ndustry". Qakland, California, 1995.

132



sumarized in Table 3.13. The table indicates that the average in-
vehicle travel time of van users decreased from 16.7 mnutes in the
bef ore- ATSS period to 15.1 mnutes in the after-ATSS period, and
those of taxi users from 16.0 mnutes to 15.2 m nutes. However
nei ther of these changes are statistically significant at the 0.05
significance level. These inply that clients did not spend nore
time onboard the vehicle in the after-ATSS peri od, despite
significant increases in the percent shared rides brought about by
the ATSS. This represents one inportant contribution of the ATSS s
trip scheduling capability.

Ease of Cient Requesting Trips on Tel ephone

QUTREACH clients schedul e non-subscription trips by tel ephone,
within 14 days before the trip. Cient waiting tines on the
t el ephone before their calls were answered and the daily percent of
t el ephone calls that were abandoned before being answered are shown
in Table 3.14 for the before-ATSS, during-ATSS inplementation, and
after-ATSS peri ods. The table was derived from QUTREACH s daily
t el ephone | ogs. The table indicates that, apart fromthe | ong
wai ting tines experienced during February 1995 (when the ATSS was
being inplemented), average client telephone waiting times before
bei ng served decreased by 58% in the after-ATSS period conpared
with the before-ATSS period. This difference is statistically
significant at a 0.05 |evel. The percent abandoned calls also
decreased from 28% in the before-ATSS period to 11%in the after-
ATSS period, which is statistically significant at a 0.05 |evel
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TABLE 3.13 AVERAGE TI ME CLIENTS SPEND ON- BOARD
VEH CLES (Source: Sanple data,
On-board Qbservati ons)

PASSENGER TRAVEL TI MES
(mnutes per passenger trip)
VAN VAN TAXI TAXI
BEFORE AFTER |BEFORE AFTER

AVERAGE 16.73 15.05| 16.02  15.16;
STANDARD 10.29  9.75| 13.39  12.48
DEVI ATI ON
NO OF PASSENGER 37 42 57 67
TRI PS OBSERVED
FREQUENCY
pl STRI BUTI ON
<10 29.7% 33.3% 45.6% 47.8%
10- 15 27.0% 28.6% 21.1% 16.4%
15- 20 16.2% 19.0% 10.5% 11.9%
20- 30 13.5%  4.8% 14.0% 11.9%
>30 13.5% 14.3%  8.8% 11.9%

TOTAL 100. 0% 100. 0% 100. 0% 100. 0%




TABLE 3.14 TELEPHONE WAI TING TI ME AND PERCENT ABANDONED CALLS

NO OF DAYS |AVERAGE TELEPHONE AVERAGE %
OBSERVED WAITING TIME ABANDONED
(seconds) CALLS
BEFORE: Jan 1995 12 240.9 28.0%
DURI NG Feb 1995 22 257.1 25.2%
AFTER: Apr/Jun 1995 9 100.2 11.6%




Both results inply that OUTREACH has inproved the ease of
clients requesting trips by telephone. This was probably due to
OUTREACH adding five nore tel ephone schedulers at the sanme tine
that the ATSS becane operational. OUTREACH s tel ephone schedul ers,
who were interviewed (before and about 18 nonths after the ATSS
becane operational), consistently indicated that they were able to
book nore rides per day with the ATSS than without it. This is
true once they were fully famliar with the ATSS (which took them
3-6 months). However, we do not have hard data on the nunber of
ri de bookings each tel ephone schedul er acconplished in the before-
ATSS and after-ATSS peri ods.

To sunmarize the inpacts of the ATSS on custoner service
quality, the ATSS deploynment had relatively small inpact on
custonmer service quality. This inplies that overall, the ATSS has
hel ped COUTREACH to achieve better cost-effectiveness and

productivity gains without significant penalties to its customers.
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REGRESS|I ON MODEL AND RESULTS:

APPENDI X 3A
ANALYSI S OF SCALE ECONOMY EFFECTS

JMODEL ESTI MATED
CCEFFI CI ENT STATISTIC

Taxi Paynent:
"Vendor Paynent/Passenger mle =
01 + ad = 2.037 --R2 = 91. 9%
(C2* (passenger miles) + c2 = -1.2E6 -0.91|Std Error of Y Est = 0.022
(C3*X + c3 = -0.278 -1.79** |n = 20, deg.of.frdm = 16
(C4* X* (passenger mil es) c4 = 1.57E-6 0.95
Jwhere X = 0 for Before ATSS Period

1 for After ATSS Period
fJan Paynent:
rJendor Paynent/Passenger nile =
a + ad = 4.965 --|R*2 = 90.3%
C2*(passenger mles) + C =-4.73-6 -0.48|Std Error of Y Est = 0.127
c3*x + c3 =-1.02 -3.59*|n = 20, deg.of.frdm = 16
CA* X* (passenger niles) &4 =1.0E5 0.92
where X = 0 for Before ATSS Period

1 for After ATSS Period

COMMENTS
* Significant at

the 95% confidence |evel

** Significant at the 90% confidence |evel

Both npdels were reestimted wthout

the passenger

mle terms. The results are as follows:

MCDEL ESTI MATED
COEFFI CI ENT STATISTIC
Taxi Paynent:
Vendor Paynent/Passenger nmile =
a + "1 = 1.928 --|R2 = 91.5%
C2*x 32 = -0.135 -13.92* Std Error of Y Est = 0.0212
n = 20, deg.of.frdm= 18
where X = 0 for Before ATSS Period
1 for After ATSS Period
Van Paynent:
Vendor Paynent/Passenger nile =
a + a = 4.889 --|R*2 = 89.5%
C2*x c2 = -0.707 -12.42* ptd Error of Y Est = 0.1247
n = 20, deg.of.frdm = 18
where X = 0 for Before ATSS Period
1 for After ATSS Period

COMMENTS:

« Significant at the 95% confidence |evel




APPENDI X 3B

COVMPUTI NG TAXI DEADHEADI NG M LES PER PASSENGER M LE

In Chapter Three, it was reported that average vehicle
deadheading mles per passenger trip for the taxi node (observed
t hrough onboard observations of a sanple of taxis) increased 42% in
the after-ATSS period, conpared with the before-ATSS period. This
increase mght be attributable to: (a) the ATSS use plus the
dedi cat ed-vehicle policy; and (b) the expansion of OUTREACH service
area in the after-ATSS period, which resulted in increases in both
average vehicle and passenger trip length. Chapter Two reported
that average passenger trip length in the after-ATSS period
(estimated from OUTREACH s dat abase) was 26% hi gher than that in
t he before-ATSS peri od.

This appendi x presents the conmputation of a change in taxi
deadheadi ng miles per passenger nile for the after-ATSS period
relative to the before-ATSS period fromthe above statistics. By
conparing taxi deadheading mles per passenger nmle between the two
periods, the conmbined effect of the ATSS use plus the dedicated-
vehicle policy may be isolated fromthe effect of the expansion of
QUTREACH service area.

Let Va be vehicle deadheading mles in after period.

Vp, be vehicle deadheading mles in before period.

T, be the nunber of passenger trips in after period.

Tp be the number of passenger trips in before period.

M, be passenger nmiles in after period.

M, be passenger miles in before period.



The observed 42% increase in average vehicle deadheading mles
per passenger trip in the after period relative to the before
period can be expressed as:

ValTag/(Vpl/Tp) = 1.42
Mul tiplying the numerator by (Ma/Ma); the denom nator by (M/M):

(Va/lMa) (MalTa) - 14
(Vp/Mp) = (Mp/Tp)

Rearrangi ng the above equati on:

(Va/lMa) (MalTa) - 14
(Vp/Mp) = (Mp/Tp)

The second term of the left-hand side is a change in average passenger
trip length, thus:

(Va/Mg) X (1.26) = 142
(Va/My) = (1.42/1.26) X (Vp/Mp)
or (Va/My) = 1.13 (Vp/Mp)

That is, average vehicle deadheading mles per passenger
mle in the after period increased by 139%relative to the before period.



CHAPTER FOUR
USER PERCEPTI ONS

This chapter describes the perceptions of OQUTREACH clients of
the paratransit service before and after the ATSS inplenentation

The assessment of user perceptions focuses on the follow ng service

attributes:
0 Vehicle on-tine performance for pre-scheduled trips.
0 Pronmptness with which vehicles respond to open return
requests.
0 Ease of clients making trip reservations.

0 QUTREACH s ability to nmeet to clients' special requests.
0 Ri de confort.

CLI ENT SURVEYS

The assessnment of client perceptions is based on tel ephone
interviews conducted before and after the ATSS depl oynent. The
before-period interview took place on My 23-27, 1994 (eight nonths
before the ATSS deploynent), and the after-period interview took
place in May 1995 (four nonths after the ATSS depl oyment). The
questionnaires used in both periods are simlar (Appendix 4A).

As previously mentioned, some policy and operational changes

took place (in addition to the ATSS depl oynent in February 1995)
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between the before-period and after-period interviews (Figure 1.1).
Possi bl e influence of these policy and operational changes on the
survey results is explained later in a section titled "Survey

Desi gn".

Survey Sanpling Protocol

On each day of the interview, interviewes were selected at
randomfromthe lists of all clients who had just conpleted trips
on the day before. A stratified random sanpling technique was used
to select clients served by all vendors to assure reasonable sanple
sizes for all vendors. Table 4.1 shows the sanple sizes and
sanpling rates by vendors for both periods. Cient nanes on the
lists had already been sorted by vendor, and appeared in order of
pick-up times. Interviewees were selected fromthis list at every
nth entry. In cases where the nth entry was non-English speaking
or could not comunicate due to disabilities, a substitute
interviewee was selected by taking the imediately next entry on
the |ist.

A total of 132 clients conpleted the interviews in the before
period. Another independently-selected group of 167 interviewees
conpleted the interviews in the after period. About a nonth after
the before-period interview was conducted, OUTREACH added five new
cities (in North County) to its service area. Twenty four
interviewees in the after period lived in these new cities, and
thus they were not included in the evaluation of the user

perceptions presented in this chapter. This reduced the nunber of
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Table 4.1 Sanpling Rates by Cty of residence

Vendor BEFORE PERI OD AFTER PERI OD
Sampl e | Total Sanpl | Sanpl e| Tot al Sanp
Size estimated | ing Size estimated||ing
no. of Rat e no. of Rat e
users (% users (%
during during
survey survey
peri od peri od
Yel | ow 28 599 4.7 57 1399 4.1
Cabs
Al pha 27 531 5.1 22 296 7.4
Cabs
Uni ted 29 200 14.5 20 266 7.5
Cabs
CGol den 24 192 12.5 20 322 6.2
Star
M/ 24 179 13. 4 20 302 6.6
Transpor -
tation
Yel | ow, - 7 99 7.1
Pal o
Alto
(rosveno |- 22 598 3.7
r Bus
Wi ght ed 1701 7.8 3282 5.1
Aver age




after-period interviewees for the evaluation to 143.

Two i ndependent sanples of interviewees were used in the
before and after period for a nunber of reasons. First, each
client generally does not nake trips every day, or always nake
trips on the sane days of the week. This made it difficult to
devel op a sanple design to capture the sane clients in both
periods. Second, the two interview periods were one year apart,
and there was no way to assure that the clients captured in the
before period were still QOUTREACH clients in the after period.

The rationale for the client perception survey is to conpare
how randomy selected clients in the before-ATSS and after-ATSS
periods perceived a nunber of service attributes in the respective
periods. An inmplicit assunption is that the before-period and
after-period sanples are representatives of the client popul ations

of each of the two periods.

Survey Design

The survey was designed to obtain two types of information
from OUTREACH clients: clients recalling of pick-up tinmes for the
last two trips (fromand to hone) that they had just made on the
day preceding the interview, and the client overall perception of
each service attribute of interest. The rationale for these two

types of information foll ows.

Cient Recalling Tinmes of Trips Conpleted on Previous Day

Each interviewee (in both the before and after periods) was
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asked to recall vehicle arrival times for the last honme trip and
return trip he/she had just conpleted on the day preceding the
interview as best he/she coul d. In this way, client-reported
vehicle punctuality for that trip can be assessed fromthese
reported vehicle arrival and prom sed pick-up tines. Aver age
vehicle punctuality for all trips between the two periods can then
be conpared. Any difference in vehicle punctuality between the two
periods is attributable to all changes occurring between the two
survey periods including the ATSS deploynent. The rationale for
asking the interviewees about the last two trips nmade on the day
preceding the interview lies in the hope that nost interviewes

woul d be able to reliably recall actual pick-up tines associated

with the trips that they just made.

Perceptions of Service Attributes

The second type of information sought is the client overal
perceptions of three service attributes during the before-ATSS and
after-ATSS periods: vehicle on-tine performance for pre-schedul ed
trips, ride confort, and OUTREACH responsiveness to special
requests. To enable us to quantify changes in client perceptions
between the two periods due to the collective inpacts of all
changes that had occurred between the two interviews, the follow ng
survey approach was enpl oyed.

For before-period interviews, each client was asked to conpare
hi s/ her overall experience of each service attribute during the

previous week with that about three nonths before (when there was

144



no significant changes of any kind taking place three nonths
before). The client was asked to express his/her experience using
subjective, ordinal rating in the form of: better than, worse
than, or about the sane as, during the previous week conpared wth
three nonths before. For after-period interviews, each client was
asked to conpare his/her perception of each service attribute
experienced during the previous week with that about six nonths
before. The client was asked to respond using the sane subjective,
ordinal rating scale as in the before period. In this way, the
bef ore-period responses represent the baseline against which the
after-period responses can be conpared in an attenpt to assess the
coll ective inpacts on client perceptions of all changes that had
occurred between the two survey periods. Such a baseline is useful
because it enables clients' inherent perception biases of the
service to be factored out. For exanple, soneclients may, by
nature, always conplain about the current service (relative to past
service) even though no service changes have actually taken place.
QG her clients may be reluctant to criticize current service upon
whi ch they are dependent for their travel needs.

As an illustration, if 15 ©percent of Dbefore-period
I nterviewees said that vehicles were nore on-tine during the
previ ous week than about three nonths before, and 45 percent of
after-period interviewees said that vehicles were nore on-tine
during the previous week than six nonths before. Then, all changes
that had occurred between the two survey periods (including the

ATSS depl oynent) nmay be said to have probably contributed to 30
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percent (45 mnus 15) of clients perceiving inproved vehicle on-
time performance in the after period relative to the before period.
|deally, we would have wi shed that there were no policy or
operational changes of any kind occurring within the three nonths
preceding the before-period interview As it turned out, OUTREACH
stopped providing same-day service about one nonth prior to the
before-period interview. Nevertheless, we believe that this policy
change is not likely to affect the above-nentioned rationale
because the overall client perceptions specifically sought on
vehicle on-time performance for pre-scheduled trips, ride confort,
and OUTREACH responsi veness to special requests should not be

i nfluenced by whether same-day service was being offered.

CLI ENTS' DEMOGRAPHI CS

The denographic information of the interviewees were obtained
fromthe OUTREACH s client database -- city of residence, age,
gender, i ncone, disability code, equipment need code, car
ownership, nunber of rides in the last year and the last three

months, and nunber of nonths the client had been on the database.

Gty of Residence of Interviewees

Geogr aphi cal distributions of the interviewes and OUTREACH
client population by city of residence are shown in Table 4. 2.
About two-thirds of the interviewees in both the before and after
periods lived in the city of San Jose. Statistical tests indicate

that there is no significant difference (at a 0.05 significance
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Table 4,2 Distributions of Interviewees and OQUTREACH O i ent
Popul ation by Gty of Residence

Gty I ntervi enees Cient Popul ation
% Before % Af ter % Before % After
San Jose 68. 9 65.0 70.7 69.0
aagﬁg 12. 1 6.3 10. 4 10.1
Ml pitas 1.5 2.8 2.2 2.4
Cupertino 3.8 2.8 3.1 3.1
Los Gal os 0.8 1.4 1.5 2.4
;Hl\/pr Pan 1.5 4.2 2.4 2.3
i |
G | roy 2.3 4.2 2.8 2.9
Canpbel | 8.3 8.4 5.2 5.0
Sar at oga 0.8 4.9 1.1 2.0
| o her 0 0 0.6 0.8
[Tot al 100.0 100.0 100. 0 100. 0
(n=132) (n=143)




l evel ) in geographical distributions of the intervi ewees between
the before and after periods, or between the distributions of the
interviewees and QUTREACH s client population by city of residence.
This in turn inplies that the sanpled interviewes were
representative of OUTREACH s client population with respect to city

of residence.

Age and Gender of Interviewees

Age and gender distributions of the interviewes are shown in
Table 4.3, which indicates simlar distributions for both the
before and after periods. Mst survey respondents were female (78
percent), or over 60 (79 percent). The average age of the

respondents for both periods was about 71 years.

I ncone of Interviewees
Average nonthly inconmes for before-period and after-period
interviewees were $906 and $1, 260, respectively. The difference in

these two nmeans was statistically significant at a 0.05 |evel

Aut onobi |l e Use
Most interviewees in both periods did not own a car, or were
not able to drive. For those few intervi ewees who owned a car

they drove only occasionally.

Equi pmrent and Assi stance Requirenents

The interviewees were grouped into four categories according
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TABLE 4.3 DI STRI BUTI ONS OF AGE AND GENDER

BEFORE ATSS PERI QD AFTER ATSS PERI OD
ACGE (years) FEMALE MALE % TOTAL | FEMALE NMALE % TOTAL
20 or less 1 0 0.8 1 0 0.7 |
21- 30 0 1 0.8 2 2 2.8
31-40 0 3 2.3 1 0 0.7
41-50 6 4 7.6 4 6 7.0
51- 60 10 2 9.1 11 4 10.6
61-70 13 11 18.2 13 6 13.4
71-80 37 6 32.6 40 8 33.8
81-90 33 1 25.8 32 6 26.8
More than 90 4 0 3.0 6 0 4.2
TOTAL 104 28 100.0 | 110 32___100.0




to the degree and kind of assistance needed. Table 4.4 shows the
di stributions of equipment and assistance requirenments for both
periods. A statistical test indicates that the distributions
between the two periods are significantly different at a 0.05
signi ficance |evel. Rel ative to the before period, a |arger
proportion of interviewees in the after period required wheel chairs

or driver assistance to get into or out of the vehicle.

Trip- Maki ng Frequency

Distributions for trip-making frequencies in both periods are
shown in Table 4.5, where a passenger trip is defined as a one-way
trip. This table indicates that about 40 percent of the people
interviewed nade fewer than five trips per nonth, while about 60-70
percent made fewer than 10 trips per nonth. A statistical test
indicates that there was no significant difference in average trip-
maki ng frequencies between interviewees of the two periods at a

0.05 significance |evel.

Tine-of -Day of Cient Trips

Table 4.6 shows the tine-of-day distributions for pre-
schedul ed trips from home (i.e., home trips), pre-scheduled return
trips, and open return trips for the before and after periods.
This table indicates, as expected, that the majority of home trips
were made during norning hours, while pre-schedul ed return and open
return trips were often nade during md-day, afternoon, and evening

hours.

150



TABLE 4.4 DI STRI BUTI ONS OF EQUI PMENT & ASSI STANCE

REQUI REMENTS
EQUIPMENT % BEFORE % AFTER
eelchair 29.5 34.3
Need Driver Assistance 40.2 45,4
alking Aid 15.9 14
No Assi'stance or Equi'p. 14.4 6.3
TOTAL 100.0 100.0
TABLE 4.5 DI STRIBUTIONS OF TRI P FREQUENCY
MONTHLY TRI PS % BEFCRE % AFTER
<5 40.9 39.8
5- 10 33.3 23.8
10 - 15 6.8 16. 8
15 - 20 3.8 8.4
20 - 25 5.3 2.8
25 - 30 6.8 3.5
>30 3.1 4.9
TOTAL 100.0 100.0




DI STRIBUTI ON OF TI ME- OF- DAY OF TRIPS

TABLE 4.6
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ANALYSI S OF SURVEY RESULTS

The anal yses of the survey results are presented bel ow

Vehicle On-Tine Performance for Pre-Scheduled Home Trips

For pre-scheduled trips (fromor to home), OUTREACH asks the
client to be ready 15 ninutes before promised pick-up tinme. If the
vehicle has not arrived within 15 mnutes after the prom sed pick-
up time, the client is urged to call and notify OUTREACH.
QUTREACH s definition of on-tine is that the vehicle arrives within

15 m nutes of prom sed pick-up tine.

A Cient Percentions

Interviewees in both the before and after periods were asked
to rate whether pre-scheduled honme trips during the previous week
were nore on-time, less on-time, or about the same conpared with
many nonths before. Table 4.7 shows the distributions of responses
between the two periods, for taxis and vans. Statistical tests
performed for the taxi and for the van sanples indicate that, for
each node, the distributions of responses between the before and
after periods were significantly different at a 0.05 significance
level. That is, the percent of interviewes who perceived "nore on
Time" increased, while the percent of people perceiving "less on
time" decreased, significantly in the after period for both taxis
and vans (relative to the before period). This inplies that
OUTREACH clients perceived better overall vehicle "on-time"
performance for pre-scheduled hone trips during the after period
than during the before period, for both the taxi and van nodes
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TABLE 4.7 PERCEPTI ONS OF ON-TI ME PERFORMANCE
FOR PRE- SCHEDULED HOVE TRI PS

RESPONSE TAXI VAN

% BEFORE % AFTER |% BEFORE % AFTER
IMore on-tine 26.5 46.5 33.3 57.7
Less on-tine 13.7 12. 8 25.0 7.7
About the sane 59.8 40.7 41.7 34.6
TOTAL 100. 0 100.0 100.0 100.0

(n=102) (n=86) (n=24) (n=26)

TABLE 4.8 CLI ENT- RECALLED VEH CLE PUNCTUALI TY

FOR PRE- SCHEDULED HOME TRI PS

B TAXI VAN
HICLE ARRIVED: % BEFORE % AFTER | % BEFORE % AFTER
| b60 min early 0.9 0.0 0.0 0.0
46-60 mn early 0.9 0.0 0.0 0.0
31-45 min early 1.9 1.8 0.0 0.0
16-30 min early 0.9 4.7 8.3 0.0
11-15 min early 11.5 5.6 16.7 14.8
6-10 mn early 6.6 7.4 4.2 14.8
-5 min early 15.3 8.3 4.2 3.7
Exactly on tine 29.7 32.4 29.1 40.8
-5 mn late 6.6 12.9 8.3 7.4
6-10 mn late 6.6 7.4 4.2 3.7
11-15 nin late 6.6 8.3 8.3 7.4
16-30 nin late 10. 6 4.7 12.5 7.4
31-45 mn late 1.9 5.6 0.0 0.0
46-60 mn late 0.0 0.9 4.2 0.0
TOTAL 100.0 100.0 100.0 100.0
(n=104) (n=108) (n=24) (n=27)




B. Cients Recalling Pick-Up Tines

In both the before and after periods, each interviewee was
al so asked to recall vehicle arrival tine for the last hone trip
t hat he/she just conpleted on the day preceding the interview
Table 4.8 shows the distributions of vehicle arrival times relative
to promsed pick-up tinmes for pre-scheduled hone trips for the
before and after periods, separately for the taxi and van nodes.
Statistical tests indicate that there was no significant difference
in vehicle on-tine performance between the before and after periods
(at a 0.05 significance level), for either the taxi or van nodes.

The above results for pre-scheduled home trips indicates that
clients perceived vehicles being nore on-tine (for both the taxi
and van nodes) during the after period than during the before
peri od. However, the results obtained fromclients recalling of
trip times associated with the last two trips indicate that there
was no statistically significant difference in vehicle on-tine
performance between the two periods for either node. These results
conbi ned suggest that client-reported vehicle on-tinme performnce
for vans and taxis servicing pre-scheduled hone trips was not

degraded in the after period relative to the before period.

Vehicle On-Time Performance for Pre-Scheduled Return Trips

A Client Perceptions

Each interviewee was asked to rate the overall perceptions of
vehicle on-tine performance for pre-scheduled return trips (i.e.

more on-time, |less on-tine, or about the sane) during the previous
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week conpared with many nonths before. Table 4.9 shows the
distributions of responses between the before and after periods,
for the taxi and van nodes. For the van node, nore clients in the
after period (than in the before period) perceived vans to be "more
on tine", while fewer clients in the after period (than in the
before period) perceived vans to be "less on time" A statistica
test indicates that the difference in client perceptions between
the two periods was statistically significant at a 0.05
significance |evel. For the taxi node, client perceptions on
taxis' on-time performance in the after period (relative to the
bef ore period) were inconclusive. That is, nore clients in the
after period (than in the before period) perceived taxis to be
"more-on-time" as well as"less on tine", a statistical test
i ndicates that these perception differences between the two periods

were statistically significant at a 0.05 significance |evel

B. ients Recalling Pick- Ti

Each interviewee was also asked to recall vehicle arrival tine
for the last pre-scheduled return trip that he/she just conpleted
on the day preceding the interview Table 4.10 shows the
distributions of vehicle arrival times relative to promsed pick-up
times for pre-scheduled return trips between the before and after
periods, separately for the taxi and van nodes. A statistical test
for the taxi node indicates that there was a significant difference
between the before and after period at a 0.05 significance |evel.

Based on OUTREACH s definition of vehicle on-tine performance,
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TABLE 4.9

PERCEPTI ONS OF ON-TI NE PERFORVANCE

FOR PRE- SCHEDULED RETURN TRI PS

||RESPONSE TAXI VAN
% BEFORE % AFTER |% BEFORE % AFTER
More on-tine 21.7 28. 2 30.4 50.0
Less on-tine 4.4 15. 4 17. 4 4.5
out the sanme 73.9 56. 4 52.2 45.5
"TOTAL 100.0 100.0 100.0 100.0
jn=23) {n=39) (n=23) (n=22)
TABLE 4.10 CLI ENT- RECALLED VEH CLE PUNCTUALITY
FOR PRE- SCHEDULED RETURN TRI PS
TAXI VAN
\VEH CLE ARRI VED: % BEFORE % AFTER | % BEFORE % AFTER
>60 min early 0.0 0.0 0.0 0.0
46-60 min early 0.0 1.9 0.0 0.0
31-45 nmin early 0.0 0.0 0.0 0.0
16-30 nin early 0.0 5.8 0.0 0.0
11-15 nin early 8.3 5.8 0.0 7.4
6-10 min early 0.0 3.9 13.0 0.0
-5 min early 8.3 2.9 4.3 7.4
Exactly on tine 50.0 36.6 43.5 44. 4
[-5 mn late 12.5 0.0 17.5 3.7
6-10 min late 4,2 11.9 0.0 7.4
11-15 mn late 4.2 11.9 4.3 7.4
16-30 mn late 12.5 13.5 8.7 7.4
31-45 mn late 0.0 0.0 8.7 11.2
46-60 mn late 0.0 0.0 0.0 3.7
>60 min late 0.0 5.8 0.0 0.0
TOTAL 100.0 100.0 100.0 100.0
(n=24) (n=52) (n=23) (n=27)




about 87 percent of taxis were on time in the before period
conmpared with about 72 percent in the after period. Therefore,

taxis exhibited worse on-time performance in the after period than
in the before period. This finding probably reflects the inpacts
of several policy and operational changes that occurred between the
two survey periods. First, during initial nonths of ATSS
operation, taxi vendors were still adjusting to new | ogs and new
ways of providing service to OUTREACH s clients under the
dedi cated-vehicle policy. Therefore, the use of dedicated vehicles
and adherence to ATSS-built itineraries on any given day was not
uniformat that time. Second, during an initial period of service
expansion into the North County cities, OUTREACH used taxi vendors
to provide service in this new service area. Taxis' on-time
performance at that time was not as good as it had been. They were
havi ng sonme problens with vehicle on-time performance in nmany
service areas, probably because they were still |earning about, and
conpensating for, operations in North County.

For the van node, a statistical test of the distributions of
van on-tine performance between the before and after periods
indicates that they were not significantly different at a 0.05
significance level. About 82 percent of vans were on tine in the
bef ore period conpared with about 78 percent in the after period.
Pl ease note that the after-period interview took place at the time
when one of the three van vendors (M Transportation) was in the
process of adding new vehicles and converting to the "m xed van'

mode (see Chapter One for definition), in order to get ready to
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serve three new cities in Wst Valley about one nonth |ater

The above anal yses of vehicle on-tinme performance for both
pre-schedul ed hone and return trips reveals a definite trend in
client perceptions of vehicle on-time performance. Cients
generally expressed that they perceived overall inprovenent in on-
time performance for both vans and taxis in the after period
relative to the before period for all pre-scheduled trips. The
exception being the on-time performance for taxis servicing pre-
schedul ed return trips during the after period conpared wth the
before period, where client perceptions were inconclusive
However, the analysis of client-reported vehicle arrival tines for
the last two trips that had just been made on the day preceding the
interview indicates that vehicle on-tine performance for pre-
scheduled trips in the after period was not any better than that in
the before period.

Wiy were client perceptions of vehicle on-tine performance
during the after period (relative to the before period)
consistently nore positive than the evidence derived from client
recalling of vehicle arrival times of the last two trips? Possible
reasons incl ude:

0 It is conceivable that many interviewees m ght have
sonewhat fuzzy overall perceptions of past service in a
period of many nonths before the interview When they
were asked to conpare their perceptions of the service
during the previous week with those during 3-6 nonths

before, their response mght be based on vague menory of
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past service.

0 According to our interview personnel, some interviewes
sincerely appreciated service received from OUTREACH
These individuals mght have wished to convey a gesture
of their appreciation for OUTREACH through the
interviewers, by stating that current vehicle on-tine
performance were better than before.

0 Some interviewees were clearly dependent on OUTREACH
service for their travel needs, and mght feel obliged to
express particularly favorable opinions of the current

servi ce.

Vehicle Promptness to Open Return Requests

As previously mentioned, clients do not pre-schedul e open
returns. Instead, they call OUTREACH when they are ready to return
home. Response time for an open return is defined as the tine
el apsed between vehicle arrival and when the client requests an
open return. In Cctober, 1994 (after the before-period interview
was conpleted), OUTREACH changed the allowabl e vehicle response
time for open returns to within 60 mnutes (as opposed to the

original 30 mnutes).

Cients Recallins Pick-Up Tines

Each interviewee (in both the before and after period) who had
just conpleted an open return trip on the day preceding the

interview was asked to recall the tine he/she requested the open
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return and the time the vehicle arrived. The distributions of
response tines for the two periods are shown in Table 4.11. The
mean response tines for the before and after periods were very
simlar (26.7 and 26.9 mnutes, respectively). This was despite a
change instituted by OQUTREACH (that has | engthened all owabl e
vehi cl e response tinme from 30 during the before period to 60
mnutes during the after period). A statistical test indicates
that this small difference in the nean response tinmes between the
two periods was non-significant at a 0.05 significance level. This
implies that vehicle response time to open returns, based on client
reporting, did not change significantly between the before and
after periods despite OUTREACH increasing allowable vehicle

response time by another 30 m nutes.

Capability to Meet Client Special Requests

About 14% of interviewees in the after period made speci al
requests when reserving trips. The ATSS is capable of
automatically assigning a vehicle that is equipped to acconmodate
a special request to the client during the trip scheduling stage.
This is different fromthe before period, in which a special
request was noted by QOUTREACH tel ephone operator and passed on to
the vendor's dispatcher, who then assigned a vehicle to neet the
speci al request.

Each interviewee in the after period was asked whether he/she

had recently made any special requests when requesting rides, and
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TABLE 4.11 CLI ENT- RECALLED RESPONSE TI MES
FOR OPEN RETURNS

RESPONSE TI ME % BEFORE % AFTER
(m nut es)

0-5 2.8 4.7
6 - 10 9.7 7.0
11 - 15 11.1 11.6
16 - 20 13.9 11.6
21 - 25 5.6 2.3
26 - 30 16.7 9.3
31 - 35 6.9 0.0
36 - 40 2.8 2.3
41 - 45 2.8 0.0
46 - 60 2.8 7.0
61 - 90 1.4 0.0
More than 90 1.4 2.3
Unknown 22.1 41.9
TOTAL 100.0 100.0
(n=72) (n=43)




how wel | OUTREACH responded to the special requests (i.e., better

worse, or about the sane conpared with many nonths ago). These
questions were not asked in the before-period interview O the 19
interviewees in the after period who had recently nmade speci al
requests, their perceptions of OUTREACH s responsiveness to speci al
requests during the previous week conpared with many nonths before
are as follows: better (42%, worse (10% about the same (209,
and no opinion (8%. The fact that the number of people responding
**hetter** was considerably higher than the nunmber responding **worse**
suggest s t hat these clients per cei ved t hat OUTREACH s
responsi veness to their special requests had inproved in the after

peri od.

Ri de Confort

Client perceptions of in-vehicle confort can conceivably be
influenced by several factors: the nunber of passengers onboard
(i.e., ~crowding), in-vehicle tenperature, vehicle ventilation,
seating availability, etc. Each interviewee (in the before and
after periods) was asked whet her he/she perceived the ride to be
more confortable, less confortable, or about the same during the
previous week conpared with many nmonths before. Table 4.12 shows
the distributions of the responses for the before and after

periods.

163



Table 4.12: dient Perceptions of Ride Confort

Per cepti on % Bef or e % After
More confortable 15.9 7.8
Less confortable 11.9 3.5
About the same 72.2 88. 7
Tot al 100. 0 100.0

A statistical test of Table 4.12 indicates that client
perceptions of ride confort between the before and after periods
were inconclusive. The table indicates that a snaller percent of
clients in the after period (than in the before period) perceived
that the rides were nore confortable. Interestingly, the table
also indicates that a smaller percent of clients in the after
period (than in the before period) perceived that the rides were

| ess confortable.

Ease of Cient Making Trip Reservations

The use of ATSS changes the method used by OUTREACH tel ephone
schedul ers to book rides. Advant ages of the ATSS in booking
subscription and pre-scheduled rides were previously described in
Chapter Three.

Each interviewee (in the before and after periods) was asked
whet her and how | ong he/she had waited before being served by
QUTREACH s tel ephone schedul ers when calling to nake a reservation
for the last trip he/she had just conpleted on the day preceding

the interview About 23 and 27 percent of before-period
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interviewees and after-period interviewes, respectively, were
either on OQUTREACH s trip subscriptions or did not call to schedule
the rides themselves. Therefore, these individuals did not answer
this question. The survey did not ask client perceptions of the
ease of making reservations for subscription rides.

Table 4.13 shows responses for the two periods for the
remai ni ng intervi ewees. A statistical test indicates that the
distributions of clients having to wait before being served were
significantly different between the two periods at a 0.05
significance |evel. About 41% of after-period respondents said
that they had to wait, conpared with 63% of the before-period
respondents. Therefore, the ease of clients making reservations
for pre-scheduled trips, based on client reporting, has inproved in
the after ATSS period relative to the before ATSS peri od.

About 88% of after-period respondents who had to wait before
bei ng served did not renenber how long they waited. Therefore, we
do not have data to neaningfully conmpare client-reported tel ephone

wai ting times between the before and after periods.

Table 4.13: dients' Wait on Tel ephone Before Being Served

l Response % Bef or e % After
Bei ng put on hold 62. 7 40.9
Not on hold 14.7 24.8
Cannot renenber 22.6 34.3
Tot al 100.0 100.0

(n=102) (n=105)
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In addition to adopting the ATSS, QOUTREACH al so inplenented
two other changes shortly before the ATSS depl oynent: the
installation of a new tel ephone system in Septenber 1994; and
hiring of additional telephone schedulers in February 1995. Both
t hese events could by thensel ves have a beneficial effect in
reducing the percent of clients who waited on tel ephone before
bei ng served (when calling to reserve trips) in the after period
(relative to the before period). It is not possible to isolate
these effects and that of the ATSS on the percent of clients

wai ting on tel ephone before being served.

Qther Paratransit Service Attributes

The service attributes exam ned above are not the only ones
the interviewees considered to be inportant to them In the after-
period interview, interviewees were asked to describe other
i nportant service attributes. They were al so asked to conpare
their perceptions of these other attributes between the previous
week and about six months before. Thirty after-period interviewees
(or 21 percent of after-period interviewees) responded to this
questi on. The driver was nentioned nost frequently (by 10
interviewees) as another inportant service attribute. Ni ne of
these 10 interviewees said drivers in the after period were nore
polite and had better know edge of where they were going than those
in the before period. This is not surprising because OUTREACH
requires dedicated vehicles in the after period. Drivers of

vehicles dedicated just to OQUTREACH clients on a particular day
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m ght have nore incentives to establish particularly good rapport
with OQUTREACH clients since these clients are likely to becone

regul ar passengers for the driver and taxi vendor.

Chapter Summary

A survey of OUTREACH clients indicates that clients, on
aver age, perceived somewhat better overall vehicle on-tine
performance for nost pre-scheduled trips in the period after the
ATSS deploynent than in the before period. These clients* positive
perceptions for the after period, however, were not substanti ated
by evidence derived fromclient-recalled vehicle arrival times for
the last two trips the interviewees had just nade on the day
preceding the interview. The latter results indicate that vehicle
on-time performance in the after period were not any better than
that in the before period.

Cient perceptions of in-vehicle ride confort for the after
period relative to the before period were inconclusive.

According to client reporting, their telephone calls to
OUTREACH to schedul e rides, on the average, were answered nore
qui ckly by OUTREACH tel ephone schedulers in the after period than
in the before period. This was probably due to the new OUTREACH s
t el ephone system and the hiring of five additional telephone
operators in the after period.

The results of the client survey clearly indicate that clients
did not perceive degradation in any service quality attributes

exam ned about four nmonths after the ATSS was deployed. The survey
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results presented in this chapter should be viewed in the followng

cont ext :

0

The service quality attributes examned in this chapter,
as well as the clients' perceptions of them were likely
to be affected by the many policy and operational changes
that took place between the two interview periods, as
well as the ATSS use. It is not possible to isolate the
i mpact of the ATSS use from those of the other changes.
The after-period interview was conducted about four

months after the ATSS became operational, a period during

which it was still undergoing numerous nodifications and
fine-tuning. Further, during this initial four-nmonth
period, the vendors were still adjusting to new trip |ogs

and new ways of providing service to QUTREACH s clients
under the new dedicated vehicle policy. That is, the
systemwas still in flux. The use of dedicated vehicles
(by the vendors) and adherence to ATSS-built itineraries
on any given day was not uniform and evolved
sporadi cal | y. This suggests that clients' perceptions
observed during this initial ATSS deploynent period nay
not be the sane as those under nore stable vendor

operations once they are famliar with the ATSS use.
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APPENDI X 4 A QUESTI ONNAI RE USED FOR USER SURVEYS

Name of Client: e

Date and Tinme of I Ntervi @W .ot e

**** Remind client of the two trips'they have just conpleted ***

FOR THE INNTIAL TRIP (from hone)
¥*xkx First, | 'dlike to ask you about the trip from home ****

1. When did you request this trip?

Date ........... ... Time ... ...

2. !)l;] Kgrdgel ephoned OQUTREACH to request this trip, were you put
[] Yes (howlong? . . . . . . . .. m ns) [ No [] can't renenber

3 What was the prom sed pick-up time?

4, D d QUTREACH call you back with a different pick-up time?
[] Yes (What tinme? ... ... ...... .. [] No
B. VWhat tinme were you actually picked up at your home? ..........

6. What time were you dropped off at your destination? ..........

FOR THE RETURN TRI P
¥**** Next, I'd like to ask about the return trip ****

7. Did you have a scheduled return or an open return? If an open
return, what tinme did you call for the vehicle?

8. What was the prom sed pick-up tine?
9. Did QUTREACH cal |l you back with a different pick-up time?
[l Yes (What time? ... ............. ) [ No



10.  What tinme were you actually picked up?  .......... .. .. ..

11.  What time were you dropped off at home? ............. ...,

| MPRESSI ONS OF SERVI CE

¥**** lastly, 1'd like to ask your general inpressions of the
service during this past week, in comparison with 3 nonths ago. It
is inportant that the interviewer specifically ask the client to
state the inpressions of the van or the taxi service. ****

12.  For trips starting at home, are the vehicles (nore on-tine,
less on-time, or about the sanme) in this past week conpared
with 3 nonths ago?

[] nore on-tine [] less on-tine [] about the same

13. For pre-scheduled return trips, are the vehicles (nore on-
time, less on-tine, or about the sane) in this past week
compared with 3 nonths ago?

U nore on-tine [] less on-tine [| about the sane

14.  For open returns, do the vehicles respond to your requests
(more quickly, nore slowy, or about the same) in this past
week conpared with 3 nonths ago?

[] nmore quickly [] more slowy [] about the same

15. Are the rides (nore confortable, |ess confortable, or about
the same) in this past week conpared with 3 nonths ago?

[| more confortable (Why? ... ... .. ... .. ... )
O less confortable (Wy? . ... ... ... .. ...
[] about the sane

16. Have you requested same-day urgent nedical trips recently? I|f
so, does it take (longer, less tinme, or about the same) for
you to be picked up recently conpared with 3 nonths ago?

[] Ionger O less tine [] about the sane



CHAPTER FI VE
COST AND BENEFI TS OF AVL

This chapter presents the cost and productivity inplications
of the automated vehicle |ocation (AVL) and renote dispatching
systems, which were concurrently inplenented in June 1996, about 17
nmonths after the ATSS becane operational. The inplenentation of
these two technol ogies constituted the |ast phase of the OUTREACH s
advanced paratransit system Forty accessible vans were equipped
with the AVL equi pnent; the AVL equi pment was not installed on
taxis. A period before the AVL inplementation but after the ATSS
depl oyment is terned the before-AVL period, while a period after
the AVL inplenentation is ternmed the after-AVL period.

The AVL system nonitors the real-time status of vehicle and
passenger trips (e.g., vehicle arrivals for a pick-up, conpletions
of pick-up, vehicle departures, vehicle arrivals for drop-off,
conpl etions of drop-off). Such information is accessed by the
ATSS, which displays it on OUTREACH s and the van vendors' screens.
In addition, the AVL system also provides real-tine vehicle
| ocations to OUTREACH on a map screen. At the present tine, real-
time vehicle location information is not available to any of the
van vendors, and OUTREACH is working to have this capability at the

vendors' sites in the near future.
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The renote dispatching system consists of a renote dispatching
computer installed at each vendor site to provide automatic data
| i nkage between OUTREACH and the vendor's dispatcher, which did not
exi st in the before-AVL period. This renote dispatching |ink
al l ows QUTREACH to communicate with the vendors about any changes
to vehicle schedules in real-tine and on-line. For exanple, when
a client requests an open return trip or cancels a scheduled trip,
QUTREACH s dispatcher would enter this request into its conputer
which would then be automatically displayed on the vendor's
computer. In the before-AVL period, OUTREACH s dispatchers had to
t el ephone the vendors about such changes. The configuration of the
integrated ATSS/AVL systemis discussed in Chapter Two. Exanples
of the ATSS dispatch screens displaying AVL vehicle status are

shown in Figures 2.6 and 2.7.

DATA SOURCES

The analysis of the cost and productivity inplications of AVL
and renote dispatching systens is based on data obtained from
QUTREACH s dat abase, observations onboard the AVL-equi pped vans,
and interviews of OUTREACH personnel, van drivers, and van vendors.
Onboard observations were conducted on a sanple of vans in July
1995 (11 nonths before conpletion of the AVL installation) and in
August 1996 (two nonths after conpletion of the AVL installation).

CAPI TAL COSTS

The capital costs of the AVL and renote dispatching systens
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(expressed as the 1996 value) are summarized in Table 5.1. The
total installation cost was $473,805; $437,052 of which was the
cost of the AVL equiprent installation, and the remining $36,753
was the cost for the renote dispatching system O the $437, 052,
about 32% (or $139,994) were the hardware and software costs. The
sof tware includes: Network Communications Managenment software, the
AVLManager (TM) software and the StarViewW(TM real time map display
sof t war e. The hardware included: new Sun workstations (on which
the above nentioned software runs), and tower and differential base
station equipment (for transmtting nmessages between OUTREACH and
AVL- equi pped vehicl es). The cost of integrating the AVL system
with the ATSS was $90, 160 (or 21% . Another 25% (or $111,280) was
the acquisition of the equipnment installed onboard vehicles, which
i ncluded the ECHQTM term nals and MAXTRAC nobile radios in each
vehicl e. Anot her 21% (or $72,000) was the |abor cost for
installation and testing, and the remaining 5% (or $23,618) was for
m scel | aneous expenses.

The cost for installing the renpte dispatching system at the
three van vendors' sites was $36, 753. This included three
conmputers for the three van vendors, three workstations for
QUTREACH, the renote dispatching software, nmodem connections, and
the training of the vendors' personnel. The training cost was
anot her $7, 500. Van drivers and van vendors' dispatchers were
extensively trained on use of the on-board and renote dispatching
equi prment . OUTREACH s personnel were also trained on use of AVL

di spatch screens.
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TABLE 5.1 CAPI TAL COSTS OF AVL SYSTEMS

| COST | TEM COSTS (1996 COLLARS
AVL SYSTEM $437, 052
I n-house hardware & software $139, 994
Software integration $90, 160
Vehi cl e equi pnent $111, 280
Labor $72, 000
M scel | aneous $23, 618
REMOTE DI SPATCH NG SYSTEM $36, 753
Har dware &soft ware $29, 253
St af f $7.500
TOTAL PHASE 2 CAPI TAL COSTS $473.805




OPERATI NG COSTS

The operation of the AVL and renote dispatching systens
consists of nobile data termnals (MTs) and radi o equi pment
onboard vehicles, as well as the communications network housed at
QUTREACH.  Periodic naintenance of the MDTs is likely to be needed
as they are subject to considerable vehicle vibration. However, no
mai nt enance cost data are available at this stage.

QUTREACH hired an additional full-time enployee to nonitor and
"troubl e-shoot" problenms associated with the AVL equipment. This

enpl oyee al so provides ongoing training for van vendors.

OBSERVED BENEFI TS OF AVL DURI NG | NI TI AL TWO MONTHS OF OPERATI ON

Because the AVL and renote dispatching systems have been in
operation for a only two nmonths, their benefits observed during
this initial period are presented separately from their potentia
| onger-term benefits. The latter will probably not occur unti
OUTREACH and the van vendors develop action plans to utilize the
real-time AVL information to its full potential

During the initial tw nonths of AVL operation, OUTREACH was
focusing on nodifying the equipnent to neet its own and the
vendors' needs, as well as on addressing any equiprment problens
encountered on the road. These initial two nonths were also a
period of |earning and experinenting with the AVL equi pnent.
Unfortunately, the evaluation period did not permt the monitoring
and evaluation of the AVL system beyond this initial operation
The reader should take this fact into consideration when review ng
the following reported initial inpacts of the AVL system
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[ mpact on Workload of OUTREACH s Personnel
Interviews of OUTREACH s personnel who interact wth
di spatchers of the van vendors on a daily basis (about the vehicle
status, late vehicles, cancellations, and open returns) reveal ed
that the AVL and renote dispatching systenms have reduced the need
for OQUTREACH s personnel to telephone the van vendors to informthe
latter of these events several times a day. For exanple
0 Wien a client calls to request an open return, the renote
di spatching system automatically relays to the van
vendors the request that OUTREACH personnel have entered
into the conputer.
0 The AVL system hel ps OUTREACH personnel to deal wth
client queries nore easily and speedily. For instance,
when addressing a client's query about the status of a
vehicle that is to pick up the client, OUTREACH s
personnel can locate the exact position of that vehicle
on the map screen.
0 The automated data |inkage capability of the renote
di spatching system helps to elimnate transcribing errors
that sonetines occurred in tel ephone conversations, which
were the communi cation nedi um bet ween OUTREACH and the

van vendors in the before-AVL period.

[ mpacts on OUTREACH s Managenent Functions
Real -tine data from the AVL system represent a wealth of

i nformati on that supports and enhances OUTREACH s day-t o-day
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Qperation and Managenent Functions. For exanple

(a) Real -tine information on vehicle status and |ocations
enabl es OUTREACH to nonitor the extent to which the van vendors
foll ow schedules that were built by the ATSS, as well as to
determine how well the ATSS-built schedules work. In this regard,
the AVL data provide ongoing feedback about actual average journey
speed (i.e., a paraneter in trip scheduling by the ATSS). By
comparing this observed val ue against the average journey speed
parameter used in trip scheduling, OUTREACH could adjust this
paranmeter as necessary to inprove the accuracy of the trip
schedul ing al gorithm

(b) Real-tine vehicle status enables OUTREACH to |earn about
how long it takes clients to board and alight from vehicles. For
clients who need extra time to conplete these tasks, OUTREACH coul d
take this fact into consideration when scheduling their rides in
the future.

(c) Real-tine information about the vehicle status on any day
makes it possible to reliably determ ne whether an open-return trip
shoul d be inserted between the trips that have already been
schedul ed for that day.

(d) AVL data enable OUTREACH to automatically and accurately
moni tor vehicle on-time performance of any van vendors by exam ning
vehicle and trip status data, which did not exist in the before-AVL
period. Before AVL, QOUTREACH generally relied on client feedback
and/or formal client surveys for know edge about the performance of

I ndi vi dual vendors. OUTREACH is developing a daily Vehicle On-Time
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Performance Report, which sunmarizes the schedul e adherence of al
vehicles on any given day (Figure 5.1). Such reports will be made

avai |l able to vendor managenents on a regular basis.

I npact on I ncident Responses

OUTREACH and t he vendors define an incident as a sane-day
change to schedule (e.g., a trip cancellation, open return, vehicle
breakdown, or "no show'). A "no show' refers to a vehicle arriving
for a passenger pick-up but not finding the passenger (who has not
made a trip cancellation). |In case of an incident, the automated
data |inkage between OQUTREACH and the vendor alerts the vendor's
di spatcher to this change imediately and automatically, thus
enabling the vendor to address this incident in a nore tinely
manner . Further, the ability for the AVL system to delete
scheduled trips that have been canceled from the trip I|ist
broadcasted to the MDT onboard the vehicle results in automatic and
much nmore timely updating of the schedule of that vehicle. In the
before-AVL period, when a client called to cancel a scheduled trip
on a service day, OUTREACH s tel ephone schedul er entered that
change in the conputer, and then tel ephoned the vendor. The vendor
in turn comunicated this change to the driver through two-way
voi ce radios, which could sonetines be crowded. Therefore, there
could be considerable delay in the entire communicati on process
fromthe client to the driver on the road.

The results of onboard observations revealed that, during the

initial two nmonths of AVL operation, two-way radios were stil
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Fi gure 5. 1: Exampl e of Information in On-Tine Performance Report

Vendor : XXXXXXXXX

Dat e: XXX XXX XXX

Vehicle 1D # of Trips # of |ates # of |ates
by > 15 mn. by > 45 mn.

18
20
15
16
17
21

O WNPE
RPOORFREFO
eNolNoNoNoNe]




often the choi ce communi cation nmedi um between the dispatcher and
the driver in conveying incident information. One reason for this
was that some problens were encountered with the AVL system during
these initial nonths; for exanple: information about sone pick-
ups that was transmtted to the MDTs was inconplete, resulting in
those trips not appearing on the MTs. Al'so, sone incidents
originating with the drivers could not be transmtted by MDT to the
vendor's dispatcher because only a limted nunber of pre-coded
messages could be sent fromthe vehicles. Such incidents included
traffic congestion, drivers not finding clients, and transferral of
passengers from one vehicle to another. QOUTREACH has since been
fine-tuning the AVL systemto correct these kinds of problens.
OUTREACH and nmanagers of the van vendors expect that the use of
two-way radi o between the dispatcher and the driver woul d di mnish

significantly once the AVL systemis problemfree.

| npact on Passenger Trips per Vehicle Service Hour

The AVL system provides real-tine information on the vehicle
status to the vendors. An eval uation was perfornmed to assess
whether, in this initial two-nmonth period, the van vendors were
able to use this information to better assign: (a) vehicles for
open return trips; (b) trips that were not yet assigned for the
service day (e.g., "virtual vehicle" trips); and (c) passenger
transfers to different vehicles due to unexpected events such as
vehi cl e breakdowmns so as to mninmze the anpbunt of vehicle

deadheading. "virtual vehicle" trips and open-return trips account
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for as nmuch as 10-20% of daily trips. This evaluation involved
conparing the nunbers of passenger trips per vehicle service hour
bet ween the before-AVL and after-AVL periods, using the data
collected from onboard observations. Table 5.2 shows that daily
averages for the before-AVL and after-AVL periods were nearly
identical (1.272 and 1.259 passenger trips per vehicle service
hour, respectively). This snmall difference is not statistically
significant at a 0.05 |evel. This inplies that there did not
appear to be any inpact of the AVL system on this aspect of the
vehicle productivity during initial two nonths of operation. This
non-significant finding is not surprising for a number of reasons.
First, during these initial two nonths, | earning of and
experimentation with the AVL and renote di spatching systens were
still ongoing. Second, the vendors did not (and still do not) have
real -tine vehicle locations on their screens. This mght have nade
it difficult for themto effectively inprove vehicle utilization in
real-time. Third, the vendors and OUTREACH are yet to devel op and
implement a strategy for real-time scheduling of open-return trips

using information fromthe AVL.

| npact on Vehicle Schedul e Adherence

Even though OQUTREACH and the van vendors have not yet
devel oped a strategy to inprove vehicle schedul e adherence in real -
time using information generated fromthe AVL system it was of
interest to determ ne whether, during the initial two nonths of the

AVL operation, the presence of real-tine vehicle information per
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TABLE 5.2  PRODUCTIVITY OF VAN VENDOR VEH CLES
(SOURCE:  ON- BOARD OBSERVATI ONS)
OBSERVATI ON PERI CD JULY 1995 |AUGUST 1996
WITHOUT AVL| WITH AVL
NUMBER OF VEH CLE- DAYS OBSERVED 5 5
NUMBER OF PASSENGER TRI PS OBSERVED 39 43
PASSENGER TRI PS PER VEH CLE SERVI CE HOUR
DAI LY AVERAGE 1.272 1.259
STANDARD DEVIATION 0.299 0.306
TABLE 5.3  SCHEDULE ADHERENCE OF VAN VENDOR VEH CLES
(SOURCE: ON- BOARD OBSERVATI ONS)
" OBSERVATI ON PERI OD JULY 1995 |AUGUST 1996;
W THOUT AVL| WITH AVL
NUMBER OF VEHI CLE- DAYS OBSERVED 5 5
NUMBER OF PASSENGER TR PS OBSERVED 39 43
PERCENTAGE OF PI CKUPS:
MORE THAN 15 M NUTES EARLY 36% 16%
15 M NUTES EARLY TO 15 M NUTES LATE 56% 74%
MORE THAN 15 MINUTES LATE 8% 9%




se, plus the drivers' know edge that the vehicle status is
noni tored, might have inproved vehicle schedul e adherence. In this
regard, the on-tine performance of vans between the two periods was
conpared using the data collected through on-board observations.
Adherence to schedule is neasured as the difference between
schedul ed vehicle arrival times and actual vehicle arrival tines.
Devi ations were aggregated into three categories according to
OUTREACH s definition of on-time performance: vehicle was nore
than 15 mnutes early ("EARLY"), +/- 15 mnutes of scheduled tinmes
("on-time"), and nore than 15 mnutes late ("late").

Table 5.3 shows the distributions of vehicle schedule
devi ations for both periods. The table indicates that the
percentages of observed "late" vehicles were 8.3% and 9.3% for the
AVL- before and AVL-after periods, respectively. This difference
between the two periods is statistically non-significant at a 0.05
level. There is also no significant difference in the percent of
"early" plus "on-tine" between the two periods at a 0.05 |evel.
Therefore, the initial two-nmonth AVL operation did not affect

vehi cl e schedul e adherence.

POTENTI AL LONGER- TERM BENEFI TS OF AVL SYSTEM

More substantial benefits of the AVL system than those
reported above for the initial two-nmonth period are possible, when
OUTREACH and the vendors devel op and inplenent action plans to
utilize the real-tine information provided by the AVL systemto its

full potential. These longer-term benefits include the follow ng:
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(a) Interviews with managers of the van vendors indicate that
one of their priorities would be to use the real-tinme vehicle
| ocation information to help drivers who are |lost (or uncertain
about the direction) while on the way to pick up or drop off
passengers. According to these managers, "lost" drivers are an
issue that, if successfully addressed, could lead to significant
i mprovenent in the vehicle on-tine performance.

(b) One inportant long-term goal of OUTREACH is to use the
real -tine vehicle status and | ocation information to schedul e open-
return trips in real-time, so as to increase the vehicle
productivity, enhance customer service quality, and reduce the
amount of vehicl e deadheadi ng. To achieve this, OUTREACH is
currently working toward providing vendors with real-tine vehicle
positions on their screens. It is expected that this function will
be available by early 1997.

(c)  Another long-termgoal of OQUTREACH is to utilize the
real-tinme information fromthe AVL systemto create a nulti-nodal
tined-transfer transit service, in which some paratransit clients
who travel long distances could connect with the light rail system
and fixed-route buses (the SCVTA is currently installing AVL
equi pment on their fixed-route bus fleet). This "hybrid" service
woul d be possi bl e when vehicles serving OQUTREACH s clients are
equi pped with the AVL equi pment, and when there is an action plan
to facilitate tined transfers between these paratransit vehicles,
AVL- equi pped buses, and the light rail system This "hybrid"

service could significantly decrease the unit cost (per passenger
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trip and mle) of OQUTREACH s paratransit service, particularly for
trips over long distances.

(d) Anot her long-term goal of OUTREACH is to devel op an
action plan to inprove vehicle schedule adherence in real-tine
using information generated fromthe AVL system A nunber of
approaches to achieve this are possible. At this tine, it is not

clear what strategy OUTREACH will finally consider.
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CHAPTER SI X
I NSTI TUTI ONAL | SSUES

This chapter describes key participants and their roles in the
i mpl ementation of the advanced paratransit system It al so
presents relationships between key participants and the inpacts of
the new system on these relationships, problenms encountered and
| essons learned from the inplenentation, perceptions of key
participants on the denonstration project, and inplications of the

demonstration project to the national APTS objectives.

KEY PARTI Cl PANTS
OUTREACH

In 1993, OUTREACH identified the need for an advanced
paratransit system in anticipation of sharp increases in trip
vol unes. It also identified potential funding sources for
i mpl ementing such a system OUTREACH took the |eadership in
planning this denonstration project, which included the preparation
of a proposal requesting funding assistance fromthe Division of
New Technol ogy of Caltrans. OUTREACH worked closely with the SCVTA
and the manufacturers of conponent technol ogies through a steering
commttee. This commttee, chaired by an OQUTREACH board nenber and

including representatives from the SCVTA and the manufacturers of
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all conponent technologies, was charged with guiding the planning
and inplenmentation of the new system  The conmittee met nonthly
from the planning stage until the conpletion of the denonstration
proj ect .
QUTREACH was responsible for the inplementation and operation
of the advanced paratransit system which included:
0 The integration of the ATSS with the existing AS/ 400
conput er system
0 Obtaining the FCC approval to operate the AVL
f requenci es.
0 The installation of AVL equi pment on 40 accessible vans.
0 Testing of the ATSS and AVL equi pnent and software, as
wel | as nodifications of hardware/software to nmeet the
needs of OUTREACH and the taxi and van vendors.
0 Providing training on the ATSS to nmmnagers and
di spatchers of the vendors, and training on the AVL
equi pment to drivers and di spatchers of the van vendors.
0 Wrrking closely with the vendors to fine-tune the ATSS s
routing paraneters and procedure throughout the
dermonstration project.

0 "Troubl e-shooting" as problens arise.

The SCVTA

The SCVTA is the responsible agency for, and thus maintains

the ownership of, the advanced paratransit system |t contracted

wi th OUTREACH to devel op and inplenment this new system gnd it
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worked closely wth OUTREACH throughout the planning and
i npl enent ati on stages. An SCVTA's staff person was part of the
steering commttee. The SCVTA nmmi ntai ned oversight of all
financial and depl oynment aspects, and infornmed Caltrans of the
i npl enentation status. The reporting structure during the system
i npl enentation was: OUTREACH reporting to SCVTA, and the SCVTA in
turn to Caltrans.

The relationship between the SCVTA and OUTREACH during the

denonstration project is described in the next section.

Manuf acturers of Technol ogi es

The manufacturers of conponent technol ogi es assisted OUTREACH
t hroughout the planning and inplementati on phases. First, NavTech
donated the DG to the project. Second, technical personnel of the
manufacturers visited OUTREACH during systeminstallation. During
initial ATSS operation, OUTREACH relied on the advice of the ATSS
manuf acturer regardi ng paraneter values for the scheduling
al gorithm These initial values were subsequently revised many
times during the first two years of ATSS operation. Third, the
manuf acturers trai ned OUTREACH s personnel. The invol venent of the

manuf acturers di m ni shed once the equipnent becanme operational

Cal trans
Caltrans contributed toward the capital cost of this
denonstration project. Caltrans maintained overall supervision of

the project via the SCVTA. Caltrans contracted with the Institute
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of Transportation Studies, University of California at Berkeley, to

perform this evaluation study.

Van and Taxi Vendors

The vendors' cooperation and ability to use the new system are
vital. Even though OUTREACH started publicizing the new systemto
the vendors in 1993, van and taxi vendors did not beconme actively
involved in the denonstration project until shortly before the ATSS
became operational . Prior to the ATSS becom ng operational,
OUTREACH hel d neetings with managers of the vendors, and started
training their dispatchers and nanagers about the ATSS use. These
individuals in turn conducted training of their own staff. The
ATSS use has resulted in the vendors having to adjust their own
personnel 's tasks accordingly.

The van vendors designated 40 vans to be equipped with the AVL
equi pnent. Van drivers and other personnel received AVL training
from OQUTREACH s staff.

RELATI ONSHI PS BETWEEN OUTREACH AND OTHER PARTI Cl PANTS
OQUTREACH and SCVTA

During the ATSS inplementation, the SCVTA worked closely with
QUTREACH and, on nurerous occasions, helped OUTREACH to resol ve
unexpected technical, financial, and manpower problens. These
unforeseen difficult situations taxed the staff of both the SCVTA
and OUTREACH to the extent that both agencies had to redirect staff

from other projects and ongoing duties to focus on solving the
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probl ens at hand.

The SCVTA worked with OUTREACH on two major budget revisions
to address OQUTREACH s budget overrun m dway through the ATSS
inplenentation. In this regard, the SCVTA provided OUTREACH wi th
addi ti onal funds necessary to keep the denonstration project on
course. At the present tine, the SCVTA is working with OUTREACH to
identify routine nmaintenance costs for the new system as

mai ntenance activities wll be funded by the SCVTA

OUTREACH and Vendors

The inplenentation of the advanced paratransit system has
changed the dynam cs between OUTREACH and the vendors in a nunber
of ways. For exanple:

€) Service quality prior to the inplenmentation of the
advanced paratransit system was |argely dependent on the vendors
vehi cl e dispatching capability and practices. Then, any one
vehicle could serve OQUTREACH clients as well as non- OUTREACH
custonmers on a given day. Therefore, the vendors had a good dea
of flexibility in planning the itineraries of their own fleet as
| ong as schedul ed client pick-up times provided by OUTREACH were
met. \Wen the vendors saw fit to break up the nultiples that had
been manual Iy built by an OUTREACH enpl oyee, OUTREACH often paid
the vendors according to the revised trip plan.

The use of the ATSS was acconpani ed by OUTREACH requiring the
vendors to provide dedicated vehicles to serve OUTREACH clients

during designated shifts. The purposes are to nmaxim ze the
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potential benefits of the ATSS in building shared rides, and to
assure that a sufficient number of vehicles would be availablefor
QUTREACH clients. OUTREACH requires each vehicle to follow the
ATSS-built itinerary, and rarely allows (and thus pays) the vendors
to break up the ATSS-built shared rides. Further, QOUTREACH can
nonitor and better assure conpliance of the dedicated-vehicle
policy plus the vendors' adherence of ATSS-built trip plans through
AVL- equi pped vans. Therefore, the ATSS use plus the dedicated-
vehicle requirenent has taken away the vendors' flexibility in
vehicle dispatching, as well as the ability for a vehicle to serve
both QUTREACH clients and non- QUTREACH customers on the sane day.
Managers of the taxi conpanies expressed negative perceptions
of the ATSS use plus the dedicated-vehicle policy, citing |oss of
driver incone, pick-up schedules being too tight for drivers to
comply and increased vehicle deadheading as the primary reasons.
The loss of taxi drivers! income has been the biggest concern
because nobst taxi drivers are independent drivers whose daily
earnings directly depend on the number of passenger trips they can
meke on a day. Wen a taxi driver (of a dedicated vehicle) is only
allowed to serve OUTREACH clients during a dedicated-vehicle shift,
his/her total earning during that shift could be reduced. The fact
that taxi vendors have been much | ess happy with the ATSS use coul d
i nfluence the extent to which taxis will be able to provide
paratransit rides in Santa Cara County in the future, as ride
vol unes continue to grow and nore paratransit scheduling functions

are automat ed.
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On the other hand, managers of the van vendors expressed
positive perceptions of the ATSS-built trip itineraries. Managers
of the van vendors believed that the use of dedicated vehicles and
the ATSS has enhanced productivity of vehicle and driver resources.
This is because whereas the van conpanies' revenues depend on the
nunber of passenger trips the conmpanies make in a day, van drivers
are salaried enployees. Therefore, daily incones of van drivers
are not directly tied to the nunber of passenger trips they make.
Managers of the van conpanies believed that the ATSS use coul d keep
their vehicles and drivers busier than before. The share of
OUTREACH clients served by the van node has already been on the
increase in the last few years, and the van conpanies’ positive
perceptions of the ATSS use may increase their role in serving
QUTREACH clients even further in the future.

For QUTREACH, the advanced paratransit system nakes it
possible to monitor and have nore direct control over the service
qual ity and costs of providing rides than before.

(by Another feature of the ATSS's trip scheduling function
that did not exist before is the "virtual rides" policy. Virtual
rides are ride requests that are not yet schedul ed and assigned to
any dedicated vehicle on the day of service.  OUTREACH usually
provides a list of "virtual rides" to the vendors to serve as they
see fit. Aternatively, OUTREACH may ask the vendors to specify
addi ti onal dedicated vehicles to handle "virtual rides". However,
the vendors generally like to have a few "virtual rides" on any

given day so that they can nake up for client cancellations on the

192



day of service.

(c) During the initial period of service area expansion into
North County, OUTREACH used taxis in North County which did not
performto expectations (in ternms of vehicle on-tinme performance).
This led OQUTREACH to contract with a van vendor (GeylLines) to
service both anbulatory and accessible clients in the entire North
County instead. Van vendors exhibited flexibilities in providing
mnivan fleet to service a client population that was once served
al nost exclusively by taxis. The capability of the ATSS to
configure the mnivan fleet for both types of clients was the key
to successful and cost-saving service in North County. Thi s
experience could conceivably open up nore paratransitmarket niches
for mnivan operations in the future.

The kinds of working relationships that OUTREACH has with the
van and taxi vendors during this denonstration project appear to
suggest that van and taxi conpanies nmay have different inherent
capabilities for growh and automation. Myre evidence from ot her
simlar denonstration projects are needed on this issue. Evidence
fromthis denonstration project indicates that the ability of
vendors to grow may vary from vendor to vendor

(d)  The ATSS operation has created ongoing feedback |oops
bet ween the vendors and OUTREACH. During the denonstration
project, OUTREACH used feedback from the vendors to fine-tune the
ATSS paraneters and functions to increase the accuracy of its
out put . Di spatchers of sone vendors have also spent tine with

OUTREACH personnel who book rides to learn nore about the ATSS and
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how it can help themin providing better service to OUTREACH
clients.

(e Van vendors were initially apprehensive that OUTREACH
woul d use the AVL systemas a neans to reprimand them However ,
their apprehension was short-lived, and the van vendors now | ook
forward to utilizing the AVL system s capabilities to inprove

performance and productivity of their fleet.

OUTREACH and Cients

In addition to enabling OUTREACH to have nore direct contro
over the service quality than before, the advanced paratransit
system al so enabl es OQUTREACH personnel to address clients' queries,
conplaints, and problens directly and in a nore tinely manner.
This is because OQUTREACH s personnel can now access any rel evant
information on various screens. Before the advanced paratransit
system QOUTREACH personnel often had to tel ephone the vendor to ask
about any vehicle or late schedul ed pick-up.

Anot her marked inprovement in client service quality is that
t he advanced paratransit system enables each client to book nore
than one ride during one tel ephone call. This is particularly
inmportant at the time when the ride limt per client is being
continually increased. The old system allowed a client to book

only one ride per telephone call.

OUTREACH S Enpl oyees and Internal Reorganization

As previously nentioned in Chapter Three, the advanced
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paratransit system requires new, higher-level technical skills than
before. It also resulted in elimnation of many nanual tasks, and
addition of new tasks, w thin OUTREACH. This in turn required
QUTREACH to reorganize its staff's responsibilities, and to provide
training to its staff.

Nearly every category of OUTREACH personnel has been inpacted
by the advanced paratransit system The manner in which the
advanced paratransit system facilitates booking and processing of
pre-schedul ed and subscription rides, and thus the inpacts on
t el ephone schedul ers' workl oad and required skills, were previously
descri bed in Chapters Two and Three. | nterviews of OUTREACH s
t el ephone schedul ers revealed that it took them between three and
six nonths to becone proficient wth the new system However ,
after that initial "learning curve" the new system nakes their
tasks easier and |ess stressful than before. They could book nore
rides now with the new systemthan with the old system The
t el ephone schedul ers said that they probably woul d not have been
able to do trip booking well with the old systemin the face of the
growh that they have been experiencing.

The advanced paratransit system al so inpacts OUTREACH s
customer services personnel. They have to be proficient in working
with the ATSS and the AS/400, as they often use the ATSS to review
information (e.g., clients’" ride history and future rides) to
address custoner problens. Further, they also provide information
to clients about how to book rides under the ATSS operation

OQUTREACH M S personnel (who do client accounts, vendor

195



invoi ces, sponsor invoices, client refunds, nonthly reports, fare
adj ustnents for vendors, and data processing) were inpacted by the
ATSS. The ATSS was customized to do vehicle faring by vendor. The
fare information is then input into the AS/ 400 for use in
transportation accounting and reporting.

During initial nonths of ATSS operation, OUTREACH had a
geocodi ng specialist to handle difficult geocoding situations. Now
all OUTREACH s staff are trained to do geocoding, including
difficult geocoding cases.

The advanced paratransit system increased OUTREACH managers'
wor kl oad considerably during the initial operation period. This
was due to: (a) the added demand on their time to |earn about the
new system conduct staff training, and "trouble-shoot" problens;
and (b) the need to, at the same tinme, assure snooth day-to-day
operation under the sharp growmh in trip volunmes and expanded

service area.

PROBLEMS ENCOUNTERED AND LESSONS LEARNED
There were many problens encountered and | essons |earned

during the ATSS and AVL inplenmentation. They include:

Emul ation of Proven Software on Different Platforns

Enul ati on of proven software on a different platform and
integrating it with existing in-house software, proved to be
difficult and costly for QUTREACH, as manifested by many unforeseen

serious software errors and integration problens that were

196



encountered during initial nonths of operation. Any transit

agencies wishing to inplenent simlar systens should seriously

consider alternative strategies.

Flexibility in Hardware and Software Acquisition

\When devel oping a plan for an advanced paratransit system the
transit agency should make allowance for a possibility that the
pur chased hardware and software may not necessarily be exactly the
same as what had been initially proposed. This is because new
technol ogies typically change rapidly, and the agency's perceived
functional requirements nay also change after its know edge of the
new technol ogi es increases. The agency needs to have flexibility
in reallocating capital expenditures anong conponent technol ogies
as necessary, while staying within the overall budget. For
exanple, the integration of the ATSS with the AVL system incurred
a higher cost than OUTREACH had originally estimated. This called
for a special re-design of the integration, and reallocation of the
capital expenditures accordingly. OUTREACH sought approval from
Caltrans for this change and was able to stay within the overal

original budget.

Software Modification Cost

The ATSS software purchased by OUTREACH from the manufacturers
was coded in a certain way by the manufacturer, and |acks
flexibility for inexpensive nodifications. The design of the ATSS

Is currently manufacturer and product specific. As a result, the
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SCVTA (via QUTREACH) had to pay the manufacturer a substanti al
addi tional cost every time the software was nodified to neet the

needs of OUTREACH and the county.

Budgeti ng

The budget for inplenenting a new paratransit system should
i nclude adequate funds for project management and technical staff's
tinme. Unf or eseen expenses could occur during the installation,
testing, and operation of the new system For exanple, the
integration of the ATSS with OUTREACH s existing AS/ 400 conputer
turned out to be a particularly demandi ng task for OUTREACH staff.
Not only did it incur considerable delay, it also resulted in a
budget overrun.

OQUTREACH s problem with the project managenent budget was
further conmpounded by the county's requirement for OUTREACH to run
both the new and old systemin parallel during the initial week of
ATSS operation. This was to assure uninterrupted service to
clients in case of "glitches" in the new system This parallel run
created additional demand on staff tinme and resulted in nany

technical problens, and was ternminated after a few days.

Requi renent and Availability of New Technical Skills

During the ATSS inplementation, OUTREACH quickly realized that
the level of new technical skills required was far nore than any
one technical person could ever handle (e.g., progranmming in

mul tiple |anguages, system configuration, operating different
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platforms, etc). Instead, there needs to be adequate budget to
assenble a team of technical persons with appropriate expertise to
work on the project. The team | eader shoul d have good technical
background with some managenment skills in order to coordinate work
of various team nenbers. Alternatively, as was the case with
QUTREACH, a non-technical manager could fill this capacity if
he/ she has access to necessary experts' advice. The non-technical
manager nust be able to accurately judge whether and to what extent
the technical teamis on the right track and progressing in a
timely manner.

Both OUTREACH and the SCVTA badly needed staff with
consi derable knowl edge and experience in software/hardware
engi neering and conmmunications to inplenment and operate the ATSS,
whi ch neither agency had during the initial nmonths. This suggests
that it is unrealistic for any transit agencies to expect
successful inplenentation of simlar advanced paratransit systens
with just assistance from the manufacturers of individua

t echnol ogi es.

Ri gor of Pre-Planning Activities

Based on the experience of this denonstration project, the
SCVTA and QUTREACH stated that they should have been nore critica
during the pre-planning phase, particularly regarding issues such
as the conpatibility between the new system and existing in-house
conputer system  The SCVTA wished it had had nore expertise and

manpower to develop critical check-lists at the outset to: (a)
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assure snooth operation of the new systemfromthe outset; (p)
anticipate problems that mght occur during inplementation; and (c)
eval uate other potential alternative systens. Ri gorous pre-
pl anning m ght have prevented the delays and cost overrun.

In hind sight, the SCVTA and QUTREACH felt that they probably
had been over-confident about the success of the ATSS depl oynent
during the project identification and formul ation stages. They
t hought that they had proven technol ogi es, and that manufacturer
assi stance was all that was needed to install and operate the
system As a result, OUTREACH was caught w thout conpetent
conputer analysts during initial nonths of ATSS operation

During the planning phase, agencies w shing to inplenment
simlar systems should also consider acquiring hardware w th higher
capacity than the required mninum This would assure satisfactory

system performance and speed under real-world conditions.

Pl acenent of AVL Equi pnent Onboard Vehicle

During initial AVL operation, it was found that the vehicle
unit which had been placed high up on the dash board sonetines
functioned erratically under intense sunlight. As a result,
vehicle units were re-installed at another |ocation inside the

vehicle to shield them fromintense sunlight.

PERCEPTI ONS OF PARTI Cl PANTS
Cal trans

Caltrans considered the advanced paratransit system depl oynent
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in Santa Clara County to be a successful denonstration of untried
APTS technol ogi es. Caltrans' project manager attributed the
success of this denonstration project to the dedication of OUTREACH
managers and staff, as well as the financial and adm nistrative
support of the SCVTA at crucial nonents. Caltrans believed that
t he technol ogy conponents used were good products, and that the
manuf acturers provi ded adequate service in inplenenting them
Finally, Caltrans acknow edged that the partnership between the
state, local government, transit operators, and the private sector
is essential in planning, inplenenting, and operating this and
ot her APTSs. Al partners in this denmonstration project benefitted

from the exchange of ideas, resulting in a better project.

The SCVTA

The SCVTA had believed from the outset that the ATSS woul d
enabl e the county to accommodate much higher |evel of paratransit
demand as required by the ADA by 1997. The SCVTA believed that
QUTREACH s ol d system was becoming less efficient as early as 1993.
The SCVTA considered the ATSS to be the cornerstone of the advanced
paratransit system and that the ATSS depl oynment was a success and
wort hwhi | e investment.

The SCVTA considered the vendors to have been responsive to
the operation of the new system and have made thenselves flexible
to the need of the project. The SCVTA believed that the success of
this denonstration project was attributable to the hard work of

QUTREACH s nanagers and staff.
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OUTREACH

OUTREACH s primary goal in deploying the advanced paratransit
systemwas to maintain high levels of service in an era of reduced
funding, rising demand, and expanded service area. Specifically,
QUTREACH believes that the advanced paratransit system has inproved
client service (e.g., on-time performance, and accountability of
vendor performance); reduced the unit cost of operation; and
decreased total staff tinme, particularly tel ephone schedul ers.
Further, OUTREACH al so hopes that, in the long run, the AVL
depl oynent would | ead to coordi nati on between the vans and the
Santa Clara light rail system so that sone clients would be able
to make part of their trips on the light rail. In this way, the
cost of providing service could be further reduced.

QUTREACH consi dered the denonstration project to have achieved
most of its goals, and that automation of paratransit planning and
scheduling functions was critical to accombdating both the
increases in trip volumes and operations in new cities. The new
service area, in particular, would have been inpossible for
QUTREACH s ol d manual scheduling systemto handle, due to
unfam liarity with the new cities. Wth the new systemin place,
OQUTREACH expects to neet all 21 ADA requirements by early 1997.

Finally, OUTREACH is happy with the reliability of the

products used in this denonstration project.

The Van Vendors

The van vendors |ike the ATSS because it nmkes their task of
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providing rides to QUTREACH s clients easier. The ATSS-built | ogs
result in reductions in dispatcher-hours, and inproved driver
ef ficiency. They believe that the new system enables themto
provide more rides to QUTREACH wi thout extra vehicles or manpower.
This, they believe, is a decided advantage they have over other van

conmpani es who do not have the technol ogies.

Taxi Vendors

In contrast with the van vendors, taxi vendors have stated
that they prefer operation under the old systemto that under the
ATSS. Interviews of managers of the taxi vendors reveal ed that
their objections were related to both the ATSS use and the
dedi cat ed-vehi cl e policy. First, they believed that the ATSS
results in lower fare estimates than under the old system  This,
plus the dedicated vehicle requirenents, results in loss of incone
for taxi drivers. Oher reasons against the ATSS include: ATSS-
built vehicle itineraries have nore vehicle deadheading mles than
the old manual ly-built nultiples; and the new ATSS-built |ogs

require nore person-hours to deal with than the old | ogs.

| MPLI CATI ONS TO NATI ONAL APTS OBJECTI VES

The Federal Transit Admi nistration has defined four principal
national APTS objectives: enhance custoner service quality;
i nprove system productivity and job satisfaction; enhance the
contribution of public transportation systems to overall community

goal s; and expand the know edge base of professionals concerned
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with APTS innovations.

The Santa C ara advanced paratransit system denonstration
project has the following inplications to the national APTS
obj ecti ves:

(@) Certain energing APTS technol ogi es can be successfully
depl oyed to significantly inprove the productivity of paratransit
operations. Specifically, full automation of vehicle scheduling
and trip reservation functions that utilizes technol ogies such as
automated trip scheduling systems (ATSSs) in conbination wth
di gi t al geogr aphi cal dat abases (DGs) can hel p paratransit agencies
to increase the percent shared rides, achieve efficient utilization
of vehicle and driver resources, and substantially reduce the
operating costs. As illustrated by this denonstration project, the
savings in OUTREACH s operating costs due to the use of such
automati on have been substantial and have far outweighed the
capital costs of the ATSS. Such automation would make it possible
for paratransit agencies to accommodate significant growh in trip
vol umes and expansion of service areas w thout increasing manpower
resources. This contribution of ATSSs is particularly inportant
for large and nediumsized paratransit operations that are
undergoing rapid growh in paratransit demand and ridership.

(b) The ATSS technol ogy automates nmany aspects of trip
reservation, which enhances the service quality to paratransit
users. For exanple, custoners are able to book rides with the
paratransit agency nore easily and reliably; custoners are able to

book multiple rides with one tel ephone call. Further, workload and
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stress of telephone schedulers could be significantly reduced, as
ATSSs are capable of providing all desired information at their
finger tips while booking ride requests (i.e., they can call upon
desired information on the screen in a tinely manner).

(c) New technol ogi es such as ATSSs can be configured to neet
the needs of any paratransit provider regardless of the ride volune
and size of the coverage area. Therefore, the technol ogy hol ds
promise for facilitating coordination and consolidation of
paratransit services where needed, either anbng various cities
within the same county or anong counties, such that the agencies'

productivity and service quality to the user are both enhanced.

(d) The benefits of the ATSS technol ogy nay vary from agency
to agency. The benefit |evel achieved may depend on ot her policies
that the paratransit agency inplement concurrently with an ATSS;
for exanple: the use of dedicated vehicles to assure that a
sufficient nunber of vehicles would be available to receive
assigned ride requests at all tines; policy regarding open-return
trips; selection of vehicle size and nmix to serve particular
service areas; etc. Further research is needed to devel op
guidelines or "road maps" to help paratransit agencies to maxinize
the potential benefits of the ATSS technol ogy.

For paratransit agencies contracting private conpanies to
provide transportation to their custoners, the productivity
inmplications of ATSSs to contractors are inconclusive. Thi s

dermonstration project suggests that while the ATSS use has resulted
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in a decrease in vehicle revenue mles, it has increased vehicle
deadheading mles (per passenger mle) for the taxi nmode by 13%
Research is needed to study the inpacts of ATSSs on transportation
contractors.

(e) The ATSS used by OUTREACH in this denmonstration project
was assenbl ed from "off-the-shelf" conponent technol ogi es, none of
which is a mature or near-mature technol ogy. Lar ge-scal e use of
ATSSs is likely to depend on a nunber of factors, including the
fol | ow ng.

o Availability of Conplete and User-Friendly ATSSs Further

R&D is needed to devel op next-generation ATSSs that are conplete
and user-friendly systems. The rationale is that the paratransit
agency should not have to performintegration of the various "off-
the-shel f" conponent technologies. Further, future ATSSs should be
conplete systems such that they can readily be deployed in place of
the paratransit agency's existing conputer system (where client,
busi ness, accounting, and other information is usually housed), to
avoid the need for the agency to integrate a new ATSS with the
agency's existing conmputer system Such systemintegration tasks,
as experienced by OQUTREACH, are not only conplex and expensive, but
could also interrupt normal paratransit service and operation.
Besides, npst paratransit agencies would not have adequate
financial resources, time, and technical skills to acconplish such
system integration tasks thensel ves.

o Technical Assistance for System Installation and Operation

Even with the availability of conplete and user-friendly ATSSs,
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paratransit agencies are likely to need considerable assistance in
depl oyi ng them The manufacturer of future ATSSs nust provide
qualified personnel to work closely with the paratransit agency
t hroughout the installation, testing, "debugging nodifications,
and operation of the system The manufacturer nust al so provide
adequate training to key personnel of the paratransit agency
t hroughout these phases.

In addition, the paratransit agency nust have adequate
resources and tine to run tests of a new ATSS in parallel with the
old systemit is intended to replace over a sufficient time period
This is to gain assurance that the new ATSS can indeed neet the
needs of the agency, and that it would be problemfree and ready
for operation.

o Staffing The use of the ATSS technology will change the
skill requirenents of the paratransit agency's personnel. The
agency will need a system analyst with considerable experience in
conmput er har dwar e/ sof t war e. Al'l personnel nust be able to use
conputers. The manager (or the |eader of the project) nust have
techni cal hardware/ software background and managenent skills
sufficient to coordinate work by various personnel. Such skills
and personnel may not readily exist in many paratransit agencies,
and consi derable training of existing personnel would be needed.
For some agencies, the ability to recruit an experienced system
analyst may be a barrier to adopting the ATSS technol ogy.

o Funding The paratransit agency nust have adequate funding

to purchase, install, test, "debug", and nodify a new system
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Additional funding would also be needed to recruit enployee(s) wth
needed technical skills that do not exist within the agency, as
well as to provide extensive training to existing staff. o
these, the system purchase price is likely to be the biggest cost
item Because there are currently no ready-nmade conpl ete, user-
friendly ATSSs available on the market, it is difficult to project
t he purchase price of such systens. The OUTREACH s ATSS is a pre-
prototype system and its capital cost previously reported in
Chapter Three is not likely to be applicable for future conplete
and user-friendly ATSSs. The cost of running tests of the new
systemin parallel with the existing systemto ensure snooth
operation of the new system could also be substantial, and is
likely to vary with the size of the paratransit operation.

(e) The Federal and state governnents should encourage and
provide incentives for denonstration projects of the ATSS
technol ogy in various |ocales and under differing conditions. This
woul d help to accelerate the devel opnent of next-generation, user-
friendly ATSSs, as well as to advance the use of such systens
toward a critical nass. The latter in turn would stinulate further
devel opment of the ATSS technology toward naturity. Further, nore
dermonstration projects are needed to derive reliable estimtes of
the benefits and inpacts of the ATSS technol ogy under differing
condi tions.

(f) The ATSS technology is likely to be the cornerstone of
advanced paratransit systens. Automatic vehicle |ocation (AVL)

t echnol ogy, when used together with the ATSS technol ogy, have the
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potential to further enhance the performance of ATSSs. AVL systens
are capable of providing real-tine information about vehicle
| ocations and status. ATSSs without AVL equi pnent woul d produce
vehi cl e and passenger trip plans for a given day. In case of a
trip cancellation or an open-return request made on the service
day, it would not be easy to alter the ATSS-built trip plans for
that vehicle in real-tinme. Real-tinme information about the vehicle
| ocations and status from AVL woul d enable the ATSS to insert a
trip (or trips) in real-time for that vehicle as appropriate.
Anot her exanple is that real-tinme information fromthe AVL can
provi de an automatic feedback loop for the ATSS, for use in
nmodi fyi ng paranmeter values of the vehicle-scheduling algorithm of
the ATSS in a tinely manner. Wthout AVL systens, such paraneter
val ues can be nodified using information obtained from other
sources whenever it is available.

The use of ATSSs in conbination with AVL systens can al so | ead
to efficient coordination between paratransit service and fixed-
route services (buses, rail), through inplementing timed transfers
between nodes. In this regard, sonme paratransit users who are able
to used fixed-route services would use paratransit as a feeder
servi ce. That is, the user will use paratransit to access the
fixed-route node, and then use paratransit again after exiting the
fixed-route node to the final destination. In this way, the cost
of providing transportation to paratransit users can be

substantially reduced.
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